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ABSTRACT * . . 

This short course in welding high and low pressure 
Lines was. adapted from military curriculum materials for use in 
vocational education. The course is designed to teach safety 
requirements for work with high and low pressure pipelines; pipe 
welding requirements and specifications; special pipeline repair 
welding/^ applications; layout of pipe joints; metallic, arc welding of ^ 
carbon .steel pipe; and inert gas shielded arcf welding of stainless 
steel and aluminum pipe. The course consifits of nine lessons covering 
57.5 hQur's of instruction. The course cc^ntains materials for 'both ^ 
student and teacher use. Printed materials for the instructor include 
a plan of instruction for the course* lind lesson plans for each 
lesson. These contain an outline of instruction, objectives, 
activities, materials and tools 'needed, text assignments, and 
references. Student materials consist of a study. guide containing 
objectives, information,, questions, and references. (This course was 
designed for students with experience in basic welding.) (KC) 
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MILITARY CURRICULUM MATERIALS ^ 

The military-developed curriculum materials in this oDurse 
package \^ere selected by the National Center for Research in 
Vocational Education Military Curriculum Projecr for dissem- • 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies . The purpose "of 
disseminating tiiese courses was to make curriculum* materials^ 
enveloped by the military more accessible to vocational 
educators in the civilian setting. ^ 

The course materials were aojirLred, evaluated by project 
staff and practitioners in the ^'field, and prepared for 
dissemination. Materials v^ch were specific to the nilitary^ 
were deleted^ copyrighted materials were either onitted or appro, 
val for thfeir use was obtained^ These coinrse packages contain 
curriculum resource materials which be. adapted to st^pport 
vocational instruction and curriculum develogrent. 
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Mission Statement . 



1 



The National Center for Research in 
Vocational Education's mission is to increase 
the ability of diverse agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: . 

• Generating knowledge through research 

• Developing educational programs. and . 
products 

• Evaluating individual prbgram peeds 
^ and outcomes 



Installing educational programs and 
products'^-* 
• • 

• Operating information systems apd 
^ services 

• Conducting leadership development and 
, J training prografTis - , 

'for further information about 

Military Curriculum Materials 
WRITEORCALL 

Program Information Office 

The National Center for Research in Vocational 

Education 
The Ohio State University 1 ' 
' . 1960 Kenny Road, Columbus, Ohio 43210 ' 
Q 4 Telephone: 614/f186-3655 or Toll Free 800/ 
FRir 848-4815 within the continental U.S. 
LJ.^ ieKceptOhio) 
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Military V , 
Curriculum Materials 
Dissemination Is . . . 



an actwuy to increase the accessibility of 
military developed curriculum materials to 
vocational and technical educators. 



Thi9 project, fundedby the U.S. Office of 
Education, ihc[udes the identification and 
acquisition of curriculum materials in print 
form frorn the^ Coast Guard, Air Force, 
Army, Marine Corps ?nd Wavy. 

Access to military^curriculuHi materJals is ^ 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of' 
Education and the Department of Defense. 



The acquired materials^are reviewed-by-sf&ff— 
and subject matter speciafists, hnd t:ourses 
deemed applicable' to vocational and tech- . 
nical education are selected for dissemi/iation. 

The National Center for Research in' 
Vocational Education is tho U.S. Office of 
Education's designated , representative to 
cicquire the materials and conduct the project 
activities. * . ' ' # 

Project Staff: > . , \ . 

Wesley E. Budke; Ph.D.,' Director 
National Center-Qlearihgtuouse - ■ 

Shirley A. Chase, Ph.D. - , •' ': 
Project Dire'ctoi; * ' . ; 
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How Can These 
Materials^^e' Obtained? 

i'.v—':...^*. >...:-.;...-(. . w J 



One hur\flred twepty. courses on microfiche 
(thirteen in paper forn^) and^descfiptions of 
each have been provided to the vocational 
Curriculum Coordination Cerfters and' other / 
instructional rhaterials agencies for dissemi- ^ 
nation. * - ^ 

Cours^ materials include programmed 
instruction, curriculun)^ outlines, instructor 
guides, student workbooks apd technical 
manuals. ' 

The 120 courses represent the following 
slxtee^^ vocational* subject areas: 



Contact the Currioulum Coordination Center 
in your region for informa^tion on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you ^to an instructional materials agency 
•closer to you^ 
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Course Description 



Thl$t)ne-b1ock{cour$8 includes traming in safety requirements fpawork with high and low pressure pipelines, pipe welding requirements and specifications; 
special pipeline repair welding applications, layout of pipe joints, metallic arc welding of carbon steel pipe, and inert g^s shielded arc welding of stainless 

steel and aluminum pipe. The course consists of nine lesspns coveHng 57.5 hours of Instruction. The lesson titles and hours follow: 

s ^ ^ 

' / . 
Practice Safety Requirements In the Performance of Required Tasks {.S hour) 
. ^ Pipe Welding Requirements and Specifications {2 houTs) 
Special Pipeline Welding Repair Applications (5 hours) 
Layout an4 Fit;up of Various Types of Pipe Joifits^{3 hours) 

Metallic Arc Welding Machine {1 hour) ^ ^ * j 

* Prepare Various Types of Pipe Joints for Welding {1 hour) . . • . ^ 

Metallic Welding of Carbon Steel Pip§ Joints {18 hours) ** ^ ^ 

Inert Gas Shielded Arc Welding of Stainless Steel Pipe Joints {14 hours) ^ ♦ . * 

Inert Gas Shielded Arc Welding of Aluminum Pipe {13 hours) ' > 

The course contains materials for both student^ncf teacher \jse. Printed materials for the instructor include a p<an of instruction for the course and • 
lesson plans for each lesson. These contain an outline of ic^ruction, 'objectives, activities, materials and tools needed, text assignments, and references. 
», Student materials consist of a study guide containing objectives^ iqformation, questions, and references. This course w^s designed for students with 
experience m basic weldjng. i ^ ' * 
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LiSf OF CURRENT PAGES / 

This POI consists oj 15 current .pages Issued as follows : 
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,DEPARTMEOT OF 'THE AIR -FORCE ^ * PLAf? OF INSTRUCTION 3A2R53250-4 

USAF School of Applied Aerospace Sciences • (ATC) (PDS Code,C65) 

Chanute Air Forde Base, Illinois 61868 ^ ^ 12 March 1975 

FOREWORD 

i; ' PURPOSE. This plan of ^instruction prescribes the. qualitative require- 
ments for Course Number 3AZ1153250-4, Welding High and Low Pressure Lines, in 
terms of criterion objectives presented by units/modules of instruction, ^nd 
shows duration, correlation w^ith the training standard, support materials,^, 
and* instructional gui4ance. It j^as developed under the provisions of ATCR 
52-33, Instructional System Development, ^,^and ATCR 52-7, Plans of Instruction. 

2. * COURSE DESCRIPTION. "^This technical training course trains selected 

Air Force personnel po&sessing AFSC 53250/70 or equivalent civilian experience 
in the 9^ills and kno>;lpdges re(^uired for welding high and low pressure lines. 
Training includes safety requirements in performance of required tasks; pipe 
welding requirements and specifications ; special pipeline repair welding 
applications; layout and fi|^up of various types of pipe joints; metallic 
arc welding machine current setting and electrode selection for carbon a|||el 
pipe; preparation of various types of pipe joints; metallic arc welding^, 
catbon steel pipe joints in the fixed vertical, horizontal, and overhead 
positions; inert gas shielded' arc .welding machine current setting and gas 
flow adjostment and filler rod ^election for stainle^ steel pipe welding; 
inert gas' shielded arc welding of stainless steel pipe ,in th^ fixed vertical, 
riorizont^l, and overhead positions; inert gas shielded arc welding machine 
current setting, and gas flow adjustment and filler rod selectj^on for- aluminum 
.pipe welding; iner't^ gas shielded arc welding of aluminum pipe joints'* in the 
fixed verticar and 'horizontal positions. In addition, related training coyei3j&^ 
comma!fder's calls/briefings, etc. 

JJOTE: Trainees yfentering this course at a leyel below that specified 
, ' .. by AFM 50-5 or other established prerequisites' cannot be expected 
to achieve the levels indicated. , . 

3. • EQUIPMENT ALLOWANCE AND AUTHORIZATION. Training equipment required to ' 
conduct this course i^^isted in Equipment Authorization Inventory Data ' 
Number 3ABR532300000.- xfeiining equipment authorizations for this courseware 
based on the following Tables of Allowance: , ^ - 

TA 781 , Machin* Shop (Intermediate Main^tenince, Civil ' 
- . Engineering) WRAMA 

TA 782 ' Welding, Radiator, and Cooler Shop (Intermediate 

Maintenance) WRAMA" 
TA 783 Sheet Metal and Plastic Shops (Intermediate ^ 

Mai'ntenance) y^V^^ 
TA 785 Electroplating aifd Heat Treating Shops (Intermediate * 
. Maintenance) WRAMA 

NOTE: Group size is shown in parentheses a^ter equipifient lis tad 
in column 3 of numbered pages of this POI. 



4'. MULTIPLE INSTRUCTOR 'requirements • Not applicabl%-to this POI- 



5. ICEFERENCES. This plan of instruction is based on. ^RSE DRAINING 
STANDARD '3AZR5 32 50-4, 26 April 1973, ^'nd Course Chart 3m53250-4, 
9 'Ocj^dber 19 74. - , 

FOR THE COMMANDER ' 




liimB^f^^iA:^ usaf 

Chief, Operations Division 



Supersedes Plan of Instruction 3AZR53250-4, 13 March 1974 
OPR: Department of Weapon Systems Support Training 
DISTRIBUTION: ^ Listed on page A - 
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NUMBER 

3AZR53151-2 


POS CODE 

C65 


DATE ^ 

l5 April 1975 


'iURSE TITLE ^ 

^elding High and Low Pressure 


Lines 


* 


ATC OPR AND APPBOVAL DATE 

TTMS,, 12 June 1973 


CENTER OPR 

Chanute/TTOXW 


SUPERSEDES COURSECHARJ 

3AZR53250-4, 9 October 1974 


Dep4rtment of Weapon Syd't ems .Support Training 


APPLICABLE TRAINING STANDA^tf) 

* (See.R^arksX ^ 


UUI^ATIUN OP TRAINING 

Chanute AFB, Illinois 61868 




COURSE SECURITY CLASSIFICATION 

UNCLASSIFIED 


insi rtui^TIUNAL DESIGN ' 

Group/Lock Step 

L ENGTH OF TRAINING ' ' 1 ^ 


T^?SFJ READING GRADE LEVEL FOR PRE~ 
ARATION OF TRAINING I iTPOATiioc 

8 



( 2 , W««k«, Q Doy,) 

Technical Training (XT) 

Classroom/Laboratory (C/L) 

Complementary Technical Train^Jig (CTT) 

i^^ssigned study) • 
Related Training^ (RT) 



i^>pointments. End of Course, PredepaVture Safety Briefing 



TOTAL 



-MARKS 



/ y Hours ' 



60 
10 



10 



70 



10 



80 



* CTS CH52-3AZR53151- 2, 14 Aoril 1975 
Effective Date: 4 June 1975 with- class 750604 



TABLE I ■ MAJOR ITEMS QF EQUIPMENT' 



Training Equipment ; Electric Arc Welding Machine, Gas Shielded Arc Welding Equipment, 
Oxyacetylene Cutting Equipment, Pedestal Grinder and Buffer, Cleaning Equipment, Power 
Hacksaw. - . 
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3A2R53151-2 



^^7^' IV^^J^Vi^^ t#ch«le«l-Hr^l», (TT) (aio.»roWI«b<K«tofy (C/L) end coiiipf*iii»ntofy Uchnieol training (CTT))onJ r«l<H«d 
tr«Jnlnfl (RT). Cwtv^ tli»« s^^nt on MWi4«i«l (r^n^id inttrueti^n). A tii^U ontry p{ tlm« th«wn Ur « unit It C/L tim«. 
Whu o utry U tlioum, <K» — c»n4l >wfTy i« CTT tiw. 



WK 

OF TNG 



ftS PER 
DAY 



IL 



Course Material « UNCLASSIFIED BLOCK 1-70 Hours TT. 



Orientation*' (.'5- hr^ - 

P tact Ice Safety Requirements in the Performance of 
Required Tasks (^S*"!^). ^ • 

Pipe Weldipg 'Requireiaents and; Specification's (2 hrs) 

■ - ■ \ 

Special Pipeline Weldiq^ -Repair Applications (5 hrs) 

Lay Out* and 'Fit-up- of Various Types of Pipe Joints 
(3 hrs) 

Metallic Arc Wel'dijig Machipe (1 Hr) 

Prepare Various Types of Pipe, Joints for Welding 
(1 hr) ^ 

I^etalUc Arc Welding' Carboti Steel Pipe Joints 
(18 hrs) ' 

Inert Gas- Shielded'-^Arc 'Welding of Stainless Steel 
Pipe Joints (14 hrs') 

Inert Gas Shielded Arc Welding of Aluminum Pipe " 
Joints (13 hrs) , - 

• ' ^ • ^ 5^ " ' . 

^feasurement Test ^fid^Test Critique (1 hr) 

CoursB Critique and. Graduation (1 hr) 

CEquipment Hazards cind Personnel Safety Integrated i 
with Above Subjects). • 

60 Hours C/L 



10 Hours CTT 



10 Hours RT 



ATC 449A 
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• \ . PLAH OF INSTRUCTION . . 


COURSE TITLE » ' 

^ Welding High and Lbw Pressure' Line^ ^ 


SLOCK TITLE ' . * 

Welding High and Xow Pi'essurc Lines » 










^ UNITS OF INSTRUCTION AND CRITERION 0SJECTIV6S 


^ DURATION 
(HOURS) . 

2 


3 ^ ' 


StfiWRT MATERIALS AND GUIDANCE 






Column 1' Reference CTS Reference 








la 


y None 




i 




Instructional Ma 


rorlals 




P 




3A2R53250-4-SG-101, Orientation 
3AZR53250-4-H0-101, Bibliography * 








Training Methods 








* 


Discussion (;5 hr) 








Instructional Environment /Design 








Classroom (.5 hr) 

Group/Lock Step ^ 








Instructional Guidance 




V 


E3q)lain the course objective, student reaponalbility, course content, 
and grading methods* Explain th6 school. pollclea and the student; 
critique program/ Have student study 3AZR53250-A-SG-101* Review tha 
Bibliography Handout* NOTE: This will apply to every lesson throughout' 
this POI, Emphasize ^conservation of cJLassroom lighting, aetal specimens, 
electric^il power and all fexpendable materials. 


2. Practice Safety Requirements in the 
Performance of Required Taslks^ 


.5 


Column 1 Reference CTS Reference ^ 






2a, 2b 


1 




a* Without reference, describe welding 




Instructional Materials 




protective cquipnent and its use id.thout error, 
" * ' - * 

b. Vithout reference, describe welding 
equlpiient safety procedures without error. 




3A2R53250-4-SG-102, Practice Shop Saffety^^the Performance of 'Required 
Tasks 

I 

Training Methods * - 


: ' 

.1 , 


* 


Discussion (.5 hr) • Jj^ ' 
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PLAN OF INSTRUCTION (Continutd) 


—1 


UNITS OF IHSTRUCTIOM AMD CRITERION OBJECTIVES 

I 


DURATION 
(HOURS) 


3 


SUPPORT MATERIALS AND GUIDANCE ' - ♦ 




• 


Instructional ^vlronment/DeslKn 
Classroom (.5 hr) 
Grotip/Lock Step 


y ^ 






Instructional Guidance 








Explain that^rotectlve equipment wlir be worn al; all times during a 
performance In the laboratory and that all students will conform to all 
required taslcs, In accordance with AFH l'27-lOl. Have student complete 
3AZR53250-4-SG-102. Instructor will use AFM 127-101, Industrial Safety ' 
Accident prevention Handbook, as reference. 


3. Pipe Welding Requireoencs and Specifications 


A 


Column 1 Reference GTS Reference 




a. Using a llsC» deceralne requirements 
pertaining to pipe welding opera.tlons with 80Z 

b. Without reference. Identify and ^ 
describe pipe welding specifications with 80Z 


(2/2) • 

> 


3a, 3b 2 , 
Instructional Materials 

3AZR53250-4-SG-103^ Pipe Welding Requirements and Specif 1 cat Ityis ^ 
TO 00-25-224, Welding High Pressure and Cryogenic Systems 

Training Methods 

Discussion (2 hrs) ' > ^ 
Outside Assignment (2 hrs) ^ , 


> 
\ 




\ 

Instructional Environment/Design * 
Classroom (2 hrs) 
Group /Lock Step 








Instructional Guidance . 




\ 1 


% 


Discuss pipe welding requirements an^ specifications. Have each student 
study TO 00-25-224 an4 make outside assignment (completion of 3AZR53!250-4- 
SG-103). ' 

./ ' 

1 ; . • 
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ATr ^OnU 3t7A ' PMCViOUS COITJOMS O8S0L^C« *ICl«*l r-.«** ft^ ft y 1AU\ ^ ^ , ... ^, „ ^ 



PLAy OF INSTRUCTI0(< (CinHnucd) 



UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 



4. Special Pipeline Welding Repair 
Applications 

a. Without reference, jdescrlbe special 
pipeline welding repair applications with 802 
accurapy . 

br. Given a list of statements, Identify 
procedures pertaining to special pipeline 
welding rlpalr applications with 802 accuracy. 

c. without reference, describe operator 
qi4llflcatloas for special pipeline welding 
applications with 802 accuracy. 

d. ^ Without reference, describe welding , 
techniques relating to-special pipeline repair 
applications with 802 accuracy. |^ 



5% Layout and Fit-Up of Various Type^'of 

Pipe Joints 

•J , 

a. Given applicable equipment ^5nd pipe 
specia«ixs, while observing aj.1 shop safety 
aeasurca, lay oiTt and fit up various types of 
pipe joints. Joints riUist be brevtled^ to >37-l/2 
degree aagies with 1/32 inch land* face, clean, 
and fr^fe^oE burrs. * ' ' . 



,PL/H OF INSTRUCTION NO. 3AZR53250-4 



DURATION 
^ (HOURS) 



7 ^ 

(5/2) 



SUPPORT UATERIALS ANO CUIOANCE 



Colunfr 1 Reference CTS Referen ce 

4a, '4b> 4c, 4d ' / 3 ^ . ' ' \ 

Instructional Materials . 

3A2R53250-4-SG-104, Special Pipeline Welding Repair Applications 
TO 00-25-224 ' 



Training Me 



OlBcusslon (5 hrs) / . * 

Outside Assignment' (2 hrs) . '^^ 

Instructional Environnent/Design 

Classrc^m (5 hrs) ^ i - ' V - . » . 

Group/Lock Step * ^ * ' ' * 

Instructional Guidance - 

Explain specifications for special pipeline welding repair applications 
and Instruct each student on the proper preparation procedures prior to 
welding. Discuss operator quallf icationa for welding of high p.neasur^ 
and cryogenic systems and special welding technicjlies applicable to 
pipeline welding repair, ^ave each student respond to all written items 
in the lesson. Have students stu<^TO 00-25-224. Assign completion of 
3A2R53250-4-SG'^l04 as outside as^gnnent, ^ ^ 



CtS Reference 
1» i 



Column '1 Reference 

5i \ 

Ijastructlonal Materials 

3A2R53250-4-SG-i05, Layout and Pit-Up of Various Types of Pipe Joints 
TO 00-2^-224 " ^ • ' 

' *■ ' * * . ' ^ \\ 

Training iqulpaeot ' ♦ .\ * . ^ 

Portable oryacetylene putting equipment <^onslstl^of 1 cart, 1 oxygen 

cylinder, 1 acetyltene cylinder, torch complete with cutting tips, 

regulators, and hoses (1) 
Pedestal Grinder (1) • -* ^ ^ 

Power Hacksaw (1) * ' 

Toolkit (8) • 1 , 

Drawing Table and Stool. (1) 
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PLAH OF INSTRUCTION (Continued) 


^ UNITS OF INSTRUCTION AND CRITERION 0B:I^CTIVES 


DURATION 

^;<HOUR$) 




• SUPPORT MATERIALS AND GUIDANCE \^ 


* \ 




Training Methods ' • ' ' 
Dlscuflslon/Demonstra^lon (1 lir) - ^< 
Performance (2 hrs) 

^jistructlonal Environment/Design ' ] 


t 


• 

• 


Claasrooa (.5 iir) ^ * '1 
Laboratory (2.5 hrs) * * ^ .V 
Group/Lock Step ^ >^ 






Instructional Guidance 


6. Meti^lllc Arc Welding Hachlne 




Emnhaalze ths Imnnr^flnCP nF nT*nnPT* Invmi^ aaA PI ^_«<n rffriA A^Art^a 
•'"t" j>iupuL i.auv.c ^LupcL xajrOUL oau CXC Up 0£ pxpe jOmCS* 

Demonstrate the correct tiae of all equlpsient and supervise each student 
In the safe operation pf- all equlpme,nt required In layout and fit -up 
procedures. Have atudent: ntuHv TD 0O^7S— anA r>ntimlaf-A 'ikW^'iO^n^A 
SG-105. Emphasize conservation of cleaning materials. i,. 

Column 1 Reference CTS Reference 


a* Given a metalline arc welding machine, 
set up and Bake current adjuatments for welding 
carbon steel pipe joints. Settings are to* be 
made within the range of ^Oyto 120 amperes. 

b.^ Given arc veiling electrodcrf, select, 
the proper electrodes Yor welding carbon steel 


- 


6a 5a " . ' 
^b '5b . \ 

Instructional Materials » / * ' 


(.5) 


3AZR53.25Qr4-SG-10B, Metallic Arc Welding ^Wfehlne 

TO 00-25-^224 * " ' ^ 

Audio Visual Aids 


pipe joints In the vertlcai, overhead, and 
uuL xAuuLax puvicxouo* cacn execcrooe sexectea 
must be equal to ANS E-601Q.« 




•Chart: Color Cod6 Gasification of Electrodes 
Training Equipment . ' V " 






Metallic Arc Welding Equipment consisting of 1 v>^ldlng machine, welding 
table » cables and electrode holder (1) * 






Training Methods 








Dl^cuaslon/Denonstratlon (.5 hr) ' * 
Performance (,5 hr) 






Instructional Envlronmefit/Deslgn 






Classroom (.5 hr) ^ 1 

Laboratory (.5 hr) ^ ^ \ * U ' ' 

Group/Lock Step . " • ' 
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PLAN OF INSTRUCTION (Continu»<0 



UNITS OF INSTRUCTU}N ANO CRITERION OBJECTIVES 



7. Prepare Various Types Pipe Joints for ' 
Veldlng 

a. Given the applicable equipment and 
various types of pipe speclaens, while observing 
all shop safety requirements, set up and prepare 
Joints for welding. Specimens must be free 
of burrs and all organic matter. 



OURAtlON 
^ (HOURS) 



V 



PLAN OF INSTRUCTION NO. 3A2R53250-A 

^Jk-"^^ [ — r c- 



(1/2) 



SUPPORT MATERIALS AND GUIDANCE 



Instructional Guidance ^ 
Demonstrate the correct curr^tft settings for carbon steel pipe welding. 
Have each student set up tlie equipment and select the pra|)er welding 
electrode for welding carbon steel p^e joints' In the vertical, overhead, 
and horizontal positions. Have each student study TO 00-25-224, and 
complete 3AZR53250-4-SG-106, Emphasize proper flt-uf) to con8"ferve 
electrodes. 



Column 1 Reference 
7a 



Xrrs Reference 
1, 6 



Itts^ructlonal Materials ^ 

3AZRS3250-4-Slf-107, Prepare Vatfous Typea of Pipe Joints for Welding 
T^ 00-25-22^ i 

Training - Equipment » , 

Vapor Degreaser (8) . ^ * ' ' ' 

Sandblast Machine (8) 



Training Methods 

Dis cus 8 ion /Demons t r a 1 1 on (.5 hr) 

Perfortaarffce (*5 hr) 

Outside Ai|slgnment (2 hrs) 

Instructional Envlromnent/DeslKn ^ - 

Classroom («5 hr) 
Laboratory (,5 hr) 

Group/Lock Step / 
Instructional Guidance 

Emphasize the Importance of Rjoper prtparaikion prior to welding. Have 
eAch student prepare various"l:ypes of pipe joints for welding while 
observing all safety measures applicable to't;^e equipment. Have students 
study TO 00-25-22A, and assign completion of 3AZR53250-A-SG-1O7 as outside 
assignment, ^ ^ • 
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PLAN OF INSTRUCTION (Contmu.d) 



UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 



OURATiON 
^ (HOURS) 



SUPPORT MATERIALS AND gOiOANCE 



8. 



Metallic Arc Welding of Carbon Steel Pipe 
Joints 



22 

(IS/A) 



a. Given, metallic arc welding equlpisent 
and carbon steel pipe specimens, while observing 
all^shop safety measures, set up and weld butt 
joints In the fixed vertical position. Joints 
must have lOOZ penetration and be free of 
overlap, undercut, and. slag Inclusions for the 
entire length of the weld. , ^ 

- b * ^x £l ven me ta 1 1 1 c arc welding equipment 
andf^cbon steel pi^ specimens » while observing 
all shop safety neatfures, set up and weld angle 
Joints In the fixed vertical position. Joints 
must have lOOZ penetration and be fr^e of 
overlap, undercut » and slag Inclusions for the 
entire length of the weld. 

^ c. Given metallic arc welding equipment 
and carbon steel pipe specimens, .while observing 
all shop safety measures » set up and weld tee 
Joints in the fixed vertical position. Joints 
must have 30 to SOX penetration and be free of 
overlap, undercut, and slag inclusions for the 
entire length of the weld, 

t * 

d. Given metallic arc welding equipment 
and carbon steel, pipe lug^mens, while observing 
all shop safety measures, sett up and weld butt 
Joints In the fixed horizontal position. Joints 
must have 1002 penetration and be free of overlap 
undercut, and slag inclusions for the entire 
length of (he weld. 

ef* Given metallic arc welding equipment 
and carbon steel pip^ specimens,' while observing 
all shpp safety measures, sat up and Weld 



V 



(2) 



(2) 



Column 1 Reference 
8a 
8b 
8c 
8d 
8e 
8f 
8g 
8h, 
81 
r*5 



CIS Reference 

1. 7a * 

1, 7b 

1, Tc 

,1, 7d 

1, 7e. 

1. 7f 

1^ 7h 

1. 71 



Instructional Materials 

3AZR53250-4-SGr-108, Metallic Arc Welding of Carbon Steel Pipe Joints 
TO 00-25-224 



(2) ^ 



Training Eguipmeht 
Metallic Arc Welding Machlnet(l) 
Pedestal Grinder and Buffer (1) 
Sandblast Machine (8) 

Training Methods * * 
Discussion/Demonstration (1 hr) 
Performance (17 hrs) 
Outside Assignment (4 hrs) 

Instructional Environment/Design 



0- 



^i:kboratory fl8 hra) 
Group /Lock Step 

Instructional Guidance ' . 

anphasiie all shop safety applicable to position welding. Make «ure ~ 
students' use all the required protective equipment during all laboratory 
performance. Inspect all welds after the first pass and recowend 
Ijnprovements needed fo^ complete a Joint UW TO 00-25-224. Have student 
study TO 00-25-224, and coi^lete 3AZR53250-4-SG-ld8. Assign co(?pletion 
of 3AZR5325O-4-SG-108 as outside assignment. Emphasize conservation of 
carbon steel pipe specimens* by recutting and re-use. Conserve electrodes 
by using to. maximutt of 2'^ stubs. 
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PLAN OF INSTRUCTiON (Continued) 



angles In the fixed horizontal position. 
Joints nust have lOOZ penetration and be free 
of overlap, undercut, and slag inclusions for 
the entire length of the weld. 

f . Given metallic arc welding equipment 
and carbon steel pipe specimens, while, observing 
all shop safety oeaaures, set up and weld tee 
Joints in the fixed horizontal position. 
Joints Bust have 30 to 80Z penetratipn and be 
free of overlap, undercut, and slag inclusions 
for the entire length of the weld. 

g. ' Given metallic arc welding equipment 
and carbon steel pipe specimens, while observing 
all shop safety measures, set up and weld butt 
Joia^tf^ the fixed overhead position. Joints 
ju^ hiVc lOOZ penetration an'd be free of over- 
lap, undercut, and slag inclusions for the 
entire length of the weld. 

h. * Given metallic arc welding equipment 
and carbon steel pipe specimens, while observing 
all shop safety measures, set up and weld angle 
Joints in the fixed overhead position/ Joints 
must have lOOZ penetration and be free of over- 
lap, undercut, and slag inclusions for the 
entire lengdrpf the weld. 

VGiven metallic arc welding equipment 
and carl^ steel pipe specimens, while observing 
all shop safety measures, set up and weld tee 
Joints in the fixed Overhead position. Joinps 
t have 30 to 80Z penetration and be free of 
overlap, undercut, and slag inclusions for the 
entire length of the we^d. 
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(2) 



(2) 
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(2) 



DATE 



SUPPORT MATERUtS AND CUIOJ^^CE 
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PLAN OF INSTRUCTION (Continued) 



I 



UNrrS dF INSTRUCirOKAHO CWTERION OBJECHVES 



9. Inert Gas Shielded Arc Welding of Sinless 
Steer Pipe' ^ 

a. Given Inert gas shlblded arc welding 
equipment, set Sx^ and make current adjustments 
for welding stainless steel pipe Joints. 
Settings must be t»ade within the range of 60 to 
80 amperes. ^ 

b. Given inert gas shielded arc welding 
equipment, s^t yp ^d make correct ^as flow 
adjustzi^ts for welding stainless steel pipe 
Joints* Settings must be made within the range 
of from 10 to l5 cubic feet per hour. 

c. Given stafiiless steel filler rods, 
select the correct filler rod for welding 
stainless steel pipe Joints in the overhead, 
vertical, and horizontal '^poslt ions . Each 
filler jrod must be correctly selected. 

d. Giv^n inert gas shielded arc welding 
equipment and stainless steel pipe specimens, 
while observing ajl shop. safety measures,^ set C 
up and weld butt joints in the fixed vertical 
position. Joints must h^ve 1002 penetration 
and be frfee of overlap, undercut ^ .and surface 
oxidation for the entire length <sl the weldl 

e. Given inert gaa shielded arc welding 
equipment and atainless steel pipe specimens, 
while observing all shop safety measures, set 
up and weld angle 'Joints in the fixed vertical 
posit lonV Joints mus^t have 1002 penetration 
and be ftec of overlap, undercut, and surface 
oxidation for the entire length of th«#eld. 



PLAM Of IMST^UCTION NO. 3A2R5 3250-4 



DURATION 
^ (HOURS) 



14 



(.3) 



(^2) 



(.3) 



(1.5) 



' (1.5) 



SUPPORT MATERIALS AND GUIDANCE 



Column 1 Reference 



CTS Reference 



9a 




8a 


9b 




8b , 


9c 




1, 8c 


9d 




1, .8d 


9e 




1, 8e 


9f 




1, 8f 


9g 




1. 8g, 


9h 




1, 8h 


91 




1, 81 


9J 




' 1. 81 


9k 




1, 8k 


91 




1, 81 



Instructional Materials 

3AZR53250-4-SG-109, Inert Gas Shielded Arc Welding of Stainless Steel 
Pipe 

TO 00-25-224 ^ 
Training Equipment 

Inert Gas Shielded Arc Welding Equipment (1) 
Pedestal Grinder and Buffer '(1) 

Training Methodft 

Discussion/Demonstration (2 hrs) ' 
Performance (12 hrs) * 

Instructional Enviropiient/Design * ' 

Classroom (1 hr) " ^ , 

Laboratory (13 hrs) - ' 

Group/Lock Step ^ ' 

Instructional Guidance • ' 

Discuss machine current setting and gas flow requirements *f or welding 
stainless steel pipe Joints. Eophaaixe safety requirements for welding 
in the overhead, horirontal, and vertical positions* Inapec^^'all welds 
after the first pass and reconBaend improvements needed to completers 
Joint lAW TO 00-25-224* Have student study TO 0O-25-22A, and complete 
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P'LAH OF INSTRUCTION (G)ntinut<D 




UNITS OF mSTRUCTIOH AND CRITCRIOH OBJECTIVeS 



DURATION 
^ W0UR5) 



SUPPORT MATERIALS AND GUIDANCE 



f . Given inert gas shielded arc welding 
equipnebc and scalnleas steel pipe specimens^ 
while observing all shop safety neadufes, set 
up and weld tee joints In the fixed vertical 
position. Joints oust have 30 to 80Z penetration 
and be free of -overlap, undercut, and surface 
oxidation for the entire length of the weld. 

^ g. Given inert gas shielded arc welding 
equipment and stainless steel, pipe specimens, 
v/hlle observing all shop safety measures, set 
up and weid butt joints in the- fixed horizontal 
position. Joints must have lOOZ penetration 
and be free of overlap, undercut, and surface 
oxidation for the entire length of the weld. 

h. Given inert gaa shielded arc welding 
equipment and stainless steel pipe specimens, 
while observing all shop safety measures, set 
up and weld angle joints in the fixed hotizontal 
position. ' Joists must have 1002 penetration 
and be free of overlap, undercut, and surface 
oxidation for the entire length of the weld. 
I 

1. Given inert gas shielded arc welding 
equipment and stainless steel pipe. specimens, 
while observing ifi shop safety measures, set 
up and weld tee joints in the fixed horizontal 
position. Joints must have 3Q to 80Z penetration 
and be free of overlap, undercut, and surface- 
oxidation for the entire length of the weld. 

r 

j. Given inert gas shielded arc welding 
equipment and stainless steel pipe specimens, 
while obsetvirilg all shop safety measures, set 
up and weld- butt joints in the fixed overhead 
position. Joints must have 1002 penetration 
and be free of overlap, undercut, and 'surface 
oxidation for the entire -l^gth' of tha weld. 



:R53250-4-SG-109. Emphasize conrfervation of argon shielding and 
bapk-up gas by proper flowmeter adjustment, Recut and re-use pipe 
specimens when possible. 



(1.5) 



(1.5) 



/ 



^5) 



(1.5) • 



/ 
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PLAH OF INSTRUCTION (Continued) 



UKiTS OF INSTRUCTION AND CRITERION OBJECTIVES 



k. Given Inert gas shielded arc welding 
equipment and stainless speel pipe specimens, 
while observing all ahop safety measures, set 
up and weld angle joints In the fixed overhead 
positron. Joints must have lOOZ penetration 
«nd be free of overlap, undercut, and surface* 
oxidation for the entire length of the weld. 



Given Inert gas shlelked arc welding 
equlp^]6nt and stainless steel pipe specimens, 
while observing all shop safety measures, set 
up and weld tee joints In the fixed overhead 
position. Joints must have 30 to BOX penetra- 
tion and be free of overlap, undercut/ and 
surface oxidation for the entire length of the 
weld. 

10. Inert Gas Shielded Arc Welding of Aluminum 
Pipe Joints 

a. Give? an Inert gas shielded arc 
welding machine, while observing all shop 'safety 
measures, set up and make correct current adjust- 
ments for welding aluminum pipe joints. Set tinge 
must be made within the range of 110 to 130 
amperes. 

b. Given an Ine^gaa shielded arc 
welding machine, while observing all shop safety 
measures, set up and make correct gas flow 
adjustments for welding aluminum pipe joints. 
Settings myst be made within the range of 10 

to 15 cubic feet per hour. 

c. Given aluminum and aluminum alloy 
filler rods, select the correct filler rod for 
welding aluminum or alumlnym alloy pipe joints. 
Filler rod selected must b*e of the same 
chemical composition as the inint h ^tng weldeH. 



PLAN OF INST RUCTION NO. 3AZR5 3250-4 



DURATION 
^ (HOURS) 



\ 



(1.5) 



(1.2) 
13 



(.3) 



(.2) 



(.5) 



SUPPORT MATERIAU^ AND (StilOANCE 




Column 1 Reference 



10a 
10b 
10c 
lOd 
lOe 
lOf 
lOg 
lOh 
101 



CTS Reference 

9b 
2£ 

1, 9d 
1, 9e 
1, 9f 

1, 9h ^ 
' 1. 91 



Instructional Materials 



Shielded Arc Welding of Aluminum Pipe" Joints 
TO 00-25-224 ^ 

Training Equipment 



Inert*Gas. Shielded Arc Welding Machine (1) 
Pedestal Grinder and Buffer (1) 

Training Methods 



Discussion /Demonstration (1 hr) 
Performance (12 hrs^ 
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PLAN Of INSTRUCTION (Contlnu^a) 






^ UNITS OF INSTRUCTION AND CWTERmNOBJECHVeS 


OgRATiON 
2 (HOURS) 


J ' SUPPORT MATERIALS AND GUIDANCE 




✓* 


d. <;iven Inertrgaa shielded arc^weldlng 
equlpaent and aluaii)im or aluoloua alloy pipe 
specimens, while observing all shop safety 
measured, set up and ield butt joints In the 
fixed vertical position. Joints must have 
lOOZ penetration and be free of overlap, ♦under- 
cut, and surface oxidation for the entire 
length of the weld. 

^ e. Given Inert g#3 shielded arc-welding 
equipment and aluminum or aluminum alloy pipe 
specimens, vhtle observing all shop safety 
a«Murts, set up. and weld angle' Joluta In the 
fixed vertical position. Joints must have lOOZ 
penetration and be free of overlap, undercut, 
and surface oxidation for ^he entire length of 
the weld* 


(2) 
(2) 


Instructional Environment/DeslRn 
^Classroom (.5 br) 

Laboratory (12.5 hrs) ^ 
Group/Lock Step 

Instructional Guidance ^ 

Emphasize all shop safety applicable to position welding. Make sure-all 
students use all the required piTotective equipment during .all labowcrry 
performance. Inspect all welds after the first pass and reconnSnd 
Improvements needed to pomplete a joint lAW TO 00-25-224/ Have each 
student study TO 00-25-224, and complete 3AZR53250-4-SG-110.-. Emphasize 
conservation of ^li&inum and aluminum alloy pipe specimens welding rod 
and argon gas. 


^ 




f . Given inert gas shielded arc welding 
equipment and aluminum or aluminum alloy pipe 
specimens, while observing all shop safety 
meaaurea, set up and weld tee joints In the 
fixed vertical position. Joints must have 30 ^ 
to 80Z penetration and be free of overlap, 
undercut, and surface oxidation for tlie entire 
length of the weld. W ^ 




• • 




J 


g. Given inert gas ^shielded arc welding 
equipment and aluminum or aluminum alloy pipe , 
specimens, while observing all shop safety 
measures, set up an^^ld butt jointa in the 

fixed hOFiXAn^Al nnol^lnn T^^^^a ^.^^ i_ 

r~ ^'outax posxcion* Joints nust have 
loOZ^penetration and be free of overlap, 
undercut, and surface oxidation for the entire 
length of the weld. 


(2) 


^ ^ % 


i 

\ 
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PLAN OF INSTJIUCTION (Continued) 



UNITS OF INSTRUCTION ANO CRITERION OBJECTIVES 



DURATION 
^ (HOURS) 



SUPPORT J^ATERIALS AND GUIDANCE 



h. . Given Inert gas shielded arc welding 
equipment and aluainum or alumii^ua alloy pipe^ 
specimens » while observing all shop safety 
measures, s-et up and weld angle joints in the 
fixed horizontal position. Joints must have 
lOOZ penetration and be free of overlap, 
undercut, and surface oxidation for the entire 
length of the weld. 

i. Given inert gas shielded ^rc welding 
equipment and aluminum or aluminum alloy pipe 
specimens, while observing all shop safety 
measures, set up and weld tee joints in the 
fixed horizontal position. Joints must have 
30 to 80Z penetration and^be free of overlap, 
undercut, and surface oxidation for the entire 
length ol the weld. 

11. Related Training (Identified in course chartj) 

12. Measurement Test and Test Critique 

13. Course p^itique and Graduation 



(2) 



(2) 
10 

1 

1 



[PLANOFlNStRUCTIONNO. 3A2R53250-A 



DATE 12 Karch 1975 I block no. ^ 



PACE Hor 12^ 



ERIC 



337A 



pnevious editions ofisoL,CTe. 

*U.S. O^t tt7»*77»*40S/tX* 



((FiMot Cop - • X lOh) 



Of) 



APPROVAL ^rriC^NO DATE 

^TW^TI V7/^/^' 7tcic'Z-.^ 



LESSON TJT.LE 

Orl«jUUna 



LESSON PLAhl=( P 



INSTRUCTOR 




41 



COUnSE TITLE 



V.'tldiflg H lfth aid Lov Pr«>iur « ' Lin« s 

■BLOCK TITLE 



D&D .5 h r/ PTf NoM 



ft 



Compltnif atary 



^SSON DURATION 



PAGE WUMOER 
1 



POi REFERENCE 



TOTAL 



■4L 



.5 hr ^ 



PAGE DATE 

75 



NUMBER 



STS/CTS RE F ERENCE 
DATE 



PARAGRAPH 



SIGHATURE 



SUPERVISO R APPROVAL 
DATE 



U AorU 7S 



SIGNATURE 



^I^EQUflPMENT LOCATED 
' IN LABORATORY - 



NOM 



PRECLASS PREPARATION 



OATE 



EQUIPMENT*- 
FROM SUPPL Y 



Nont 




CLASSIFIED MATERIAL 



Nont 



,!^^^b^APHlC AIDS At/0 
UNCLASSIFIED MATERIAL 



L.3AZR53151-21FC-1Q1 
2 . 3AZR531 53:-2-Hd-101 



a. J?chool OritntatioA. Conducted lAW Sch. R«g.. 50^18 AtUcitiitat 3 OutliM 

bi^To pr«par« th« advanced count itudtats with kjaowltdg* of th<i purppit ajid 
optration of th« Graduate Evaluation Program lo thal.^aj may a/factivaly 
uaa.tht ayattm. 



Teaching st«ps ara llatad, la Part II. 



ERIC 



40 



1. Attention: 



INTRObUCTION 

— T 



2. Kcvlcwj 



3. Overview: 



4.- Motivation: 



^ ' BODY 

Presentation: 

1. Course objectives and, mission, 

jS. iQCjedse knowledge and skill in 
* ' "welding operations, 

^ ' b. Train Air Force welders in *\ 
^ ' class A welding operations. 

2. ^ Course responsibilities. 

a. Provide training materials, 
equipment and supervision. 

l^.^ Provide for remedial instruction 
when necessary. 

c. Supervise weiding«3Dperations 
•for proper safety procedures. 



3.- Student responsibilities 
ma.' Personal cohducL 



(1) Classroom ot lab 
, . .atLcndance 



(2) l)o absence except 

emergency or sickness 



(3) Safety procedures must 
be followed 

(a) No horseplay 

Cleanup . 



/ ■ 



(1) liranediate area 

(2) Classroom 

(3) Area used (booths, 
c tables, etc.) 

c. Conserve equipment and 
, materials 

« 

f ^ 

(1) Put scrap metal in 
proper containers 

4» Course conteat ^ 

a. Orientation 

7 . b. Shop safety 

c* ^ Pipe welding requirements 
and specifications 

^ d\ Speciar pipe line welding 
repair applications 

e. Layout and fit-up of 
various types, of pipe 
joints 

f. Metallic arc welding 
machines 

g. '^ Prepare var'ious typ^ of pipe 

joints for welding 

h. Metallic arc -welding of 
carbon stc.cl pipe joints 

' 4 

L." Inert gas shielded arc 

welding of stainless srteel 
pipe 

« • 
j,. Inert gas phielded arc 
' welding of aluminum pipe 

joints - 



5» Grading methods . /* 
a» Criterion test 
h. Worft projects, 
c. Written test 

if 

6.. Schaol* policies 

a. Uniform and appearance 
b» Driving cars to 'school, 
c, School-^ hours 

d* Smoking 

e. Breaks 

f, . Miiithry coii^esy 

7. Student critiqide 

a« Base 
mid~c^ 

b. Courise >criti(}iie dtffirtg 
last weik 



5 




..eONCLUS^ON 



2* RcmoLivation 



] 



3.^ Assignment : Students will read 3A2K53250-XyJS-102 

* • " ™ • 
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fU-»f «IK TOM ' " 



3Z 



USi riTi r 

. W uldlng 111^^ and Lov^ Proouuxo Lin cf) 
WoMing^ Hif^ and Low PreBguro Linou. ' 



Practice Shop Safety in the Perfprnance of fleouired Tasks 



Cists 0 room/EaBoratbiy 
D&D hr/Pe'rf None 




NUM8EP 



cOUIPi^ENT I 0< At FO 
fN L Aepf>AT.)nY , 



None 



SUPERVISOR 


APPROVAL ■ I 


DATE 


— » . 

SIGNATURE 


DATE 1 














/- 






PRe^LASS PRE 


PARATiON 





TfKJM SUPl LY 



None 



CLASSIFIED MATERIAL 



None 

/ 



GRAPHIC AIDS AND 
UNCLASSIFIED MATERIAL 



_rglTERION OBJECTIVES AND TEACHING STEPS 



^' describe welding protective equipment and its use without 



^b. .Without reference, describe v/eldi^g equipment safety procedures without 
Teaching stepa ar9 listed in Part II. , • ' ' 



error. 



ERIC 



^TC 770. 



1. Attention: 



2. Review: 



3 . Overview : 



INTRODUCTION 



V 



4, Motivation: 



* BODY 

Presentation: 

V 

1. Safety 

a. General housekeeping 

(1) Cleanliness of ;^ork area 

(a) No books or paper 
in welding area ^ 

(b) Store cbmbustible waste 

In self closing containers 

(2) Mark hot metal when left 
unattended 

(a) Chalk mark time you 
stopped welding 

b. Personal equipment^ * 

(1) Remove jewelry prior to 
entering welding area 



(2) Wear appropriats, clothing 
ahd safety equipment 

(a) No loose clothing or 
— ^ ■ • , cuffs on trousers 

(b) Leather or asbestos 
gloves 

(c) Leather aprons and 
jackets 

(d) High top shoes 

(e) Eye protection , * 

1^ Approved welders 
helmet and eye 
* goggles 

2 Rrli face shield 

(clear) when grinding' 
metal 

(3) Use extreme caution when 
operating equipment 

(a) Power shears 

1 Only one 'man may 
operate at any time 

(b) Welding machines 

o ^ * 

1. Use appropriate safety 
precautions for operating 
electrical equipment 

2 Shield the area around 
the welding operations to 
prevent spectators and 
nearby personnel from 
receiving eye damage 

c. Mechanic^al and chemical cleaning 
of equipment 

f (1) Grinders and buffers 

(a) Face shield required 



ERIC 



(b) Use caution to avoid cuts 
and bums- 



j 



■iXJ 



(2) Chemical cleaning 
r\ (a) Flammable 

(b) Caustic 

(c) Toxic . 

(d) Use only in well 
ventilated a 



!k,v ^ 



Application: Given a series bjNjuestions concerning protective equipment and 
welding equipment safety, each student will select the correct 
response for 80% of the questions. 

Evaluation: Instructor will check students safety test for 80% accuracy. 

I 

CONCLUSIOH TIME: 

1 • Summary 



2. ' Remotivation 



3. Assignment: Have stud^nis read 3AZR53250-X-WS-103 
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LESSON PLAN.(r o <tl, G.n.fol) 

tNSTRUCTOn 



COURSF NUMBER 



BCOCK NUMBER 

I 



UlESSON TITLE 



COURSE TITLE 

.V/Qlding High ajid Loy Press uro Linec 

Bt.OCK TJTUE 



Welding.High and Low Pressure Line s 



Pipe Welding RcguTromentB and^Sp^eciiicai 



Lons 



U I rinnrtiORi/Laboraloiy 
D&D 2 hra/Purf Hono 



Oomploiiiontary ^ 



hrs 



PAGE NUMBER 
NUMBER 



TOTAL 



li hrs 



PAGE OA TF 

STS/CTS RE P ERCNCE 
DATE 



PARAGRAPH 



, SIGNATURE 



SUPf RV»SOR APPROVAL 



1^ /^P/?)/-7<- 



DATE 



SIGNATL'RES 




eOUtPMENT LOCATED 
IN LABORATORY 



None 



PRECLASS PREPARATION 



DATE 



None 



None 



1. Sr)2.f2s'3 \rf-jL< 
103 

2, TO 



CRITERION OBjrCnvES AND TEA CHtNG ST^PS 

" "iiSWicLaS!"'" ^'^'^^^-^^ P-'-ni-^ Pipe welding operation, 
eSf'SuTaJ"""'"' '"'""''^ '"^ P*-"^ specifications „it^ 

Teaching atepcare listed in Part II. 



V 




ATC 'o"", 77n 



INTRODUCTION 



TIME: ^ 



1. .^tent;iott: . , ^ 



2 • Review : 



3. Overview: 



4. Motivation: 



. ^ BODV 

Presentation — - ' - 
1. - Welding requirements * - 

a. Demonstration of ^ 
"proficiency 

t 

(1) To achieve qualified status 
the operator shall demon- 
strate his skill or profic-. 
iency by welding jo^ints as 
specified in MIL-T-5021D, 
Aircraft and ^y.ssile Welding 
Opyator's Qualifications..^ 

(a) Butt, angle and tee pipe 
joints of carbon steel, 
stainiless steel, and 
aluminum in the fixed 
vertical, horizontal, and 
overhead positions* 



TIME: 



9 



31 



Welding specifications 
a. -Welding process 
(1) Metallic arc 



(2) Tungsten inert gas (TIG) 

b. Preheat treatment 

c. Post heat treatment 

d. Type of electrode and flux 

(1) The composition of the 

electrode or filler rod will 
conform to that of the metal 
being welded 

e. Mechanical properties of test 
speclment 



Application: 

1. Given a series of questions concerning 

pipe welding requirements and specifications 
^ select the correct response for" 80% of the 
questions • 

Evaluation: 

1. Instructor will check students test 
results ior 80% accuracy. * ^ 



CONCLUSION 



1* Summary 



TIME: 



2. Remotivation 

4 

V \ ^ 3. Assignment*: have 'students read 3AZR53|5|-X-WS-104 . - 



conn '^f 'Mi/t: a r""l-. - 



m OCX NiiMitrtt 
I' 



LESSON PLAN ( Foft 1, .G,nerol) 



m 'TRUCTOR 



32: 



Vfelding Hich and Low Proayuit) Lines 



IM <U Kill I'l 

Voiding High and Low Prossim) Linoa 



Special Pipe Line Welding Repair Applications. 



CI ay u i-oaiHTtiaLo ira t o ly 
D&D - 5 hxo/Perf None " 



LESSON DURATION 

Complementary 



2 hrs 



'^AOf NUMUFR 

3 • 



^01 REFERENCE 



TOTAL 



7 hrs 



PAOF DATE 



STS/CTS Rgf ERENCE 
DATE 



PARAGRAPH 

U 



DATE 


1 ' ■ 

SJPNATURE 






4 














/ 1 



rouipMf H\ I Of, All V 

'N I.AOORATORY 



Hone 



PRECl ASS PREPARATfON 



EOlMPMF N r 



None 



CLASSIFJCO MATERIAL 



None 



CRTTERION OBJECTIVES AND TEACHING STEPS' 



GRAPHIC AIDS AND 
UNCLASSIFIED MAT-€RIAL 



1. 3/9^;er3^^7-^^^l 
lou 

2. TO 



a. Without reference, deocribe special pipeline welding repair at^plicat ions -with 
oOfo accuracy. ^ ^ , > , ' . -: 

b. Giy.m a licit of otatomonts, identify procedures pertaining to' special pipeline . 
welding repair applicationxs vdth QOfo accuracy. 

c. Wifhout mroDMice, describe operator qualihcations for special pipeline weldin/? 
applicationa with QOfo accuracy. . , ' 

d. Withoufc reference, de<3cribe welding techaiquea 'relating to special pipeline - 
repair applications with QOffo accuracy. 



itx^T^aching steps are listed in Part II. 
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!• Attention 



2 . Re^ clw 



3 . Overview 



INTRODUCTION 



A* Motivation 

: BODY 

Presentation 

1. Welding repair applications 
■ a. Refrigeration 

b . Chemical 

c. Petroleum systems 

d. Industrial gas and air systems 
and plants p 

. e. Missiles (Cryogenics) 

.f* Advantages 

(1) Neatness 

(2) Compactness 
. (3) Rigidl,ty 

(4) Low cost 



2^ ' Preparations for welding' 
al« Cleaning 

(1) Rust 
*( 2) Scale 

(3) Oil and grease 
b. Butt joint 
4 (1) Most common Jcftht 

(2) Where wall of pipe is 
less than 3/16" 

(a) Bevel 37 1/2^ - 

(b) Root face land,l/l6" 

(c) Light materials bevel 
on grinder 

c. Pipe of large diameter wall 
thickness 

(1) 'Bevel 20 - 37 1/2° 



(2) Usually supplied with 
;»V bevel 

(a) •Use.bxyacetylene torch 

Alignment, of pipe* ends 

(1) Channel, angle iron 



✓V ' (2) Clamps 



J 



(3) Backing ring 

(af Ring shaped strap 
(b) Used in assisting operator 
1^ Secure penetration 

2 Alignment of pipe ends 

3 Check globules and slag 



4 



(4) Tack yrelds' s 

(a) Mipimum of four 

d. Tee, I angle Joints 

(1) Same preparations as ^ 
buts^dbint^ 




(2) More^Wlicult to fit up 

(a) Use template 

Operator qualifications 

a. ^ 00-25-224 Welding High * 

pressure and Cryogenic Systems 

(1) Class A weldelrs i)- 

(2> Class B welders 

Certificat;ion 

(1) Requirements 




Welding techniques 

a. Ve;ctical position 

(1) Hold' electrode 

perpendicular tt^plat^ 



Point el^ctrod^ 



awn 



tb^stairt 




Poiat electrx)de upward 
to continue th^e weld 



(^Control .fiow oF^metal 
-I 



-(a) Use electrode 
manipulation 



1 Allow Sifeta.l to 
solidify ■ 

1_ Arc never broken 



ERIC 



9SS . 



'35- 



4.' 




rs4 ■ 



(bv^Hold short arc 

(c) Lower current setting ^ 

(d) Smaller electrode 

' ' , (e) Reverse polarity - 

(f) E 6010 electrode 3/16" 
.maximum size 

b. Overhead position 

r * *(1) Hardest position 

(a) Oyercome forces 

^ i Gravity 

^ Surface tension of 
electrode 

(2) Weld metal transfer ' 

(-a) Forces in electric arc 

' (b) Expansion of gases 

^ , " (c)' electrode 

' ^ ' 1, E 6010 

; 2 Si^e 3/16" 

(d) Short arQ 



<e) Angle of. electifode 
(f) Also helped by 



1_ Adhes 




2 Surface tenT^ 




END, OF DAV summary 



have students review 3A2R53250-X-WS-104 



er|c " ' 



^ • - ^ • ^7 

INTRODUCTION TO NEW' DAY'S INSTRUCTION 

Continuation . 



i. Remotivation 



2 . Review 



^esentation 
Application: 



1. Given a series of questions concerning special pipe line welding repair, 
preparation pro^cedures, operator qualifications and welding techniques, 
select the correct response for 80% of the questions. 

Evaluation: 

1. Instructor will check students' te^ts for 80% accuracy. • ' ' ' 

, ' CONCLUSION . - TIME: 

1 . Summary 



2. Remotivation 



3. Assignment: have students read 3AZR53250-X-WS-105 
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'^'lesson plan ( Pa^ i, Gen.ral) ' 
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.INSTRUCTOR 










BOURSE NUMaER 


COURSE TITLE 4^ ♦ ' ^ 
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^ QUOCK NUM8CR 

I . ■ 

* , 


B1-0CK TiTLjE ' 

Welding Birfi^ and Low Pressure Lines 


>tES50N TITLE 

liayout and Fit-up of »Yariovu3 


Types oT Pipe Joints ^ 








L ^ " ' 


LF:ssoN duration: ' ^ ' 


. Claaa room/Laborat oiy 

D(KD 1 hr/Perf 2 hrs ' ' " 


ComDiementary ^ . 
Non© ^ . \ 


t^tal 


3Jira 


PAGE NUMBER 


^01 REFERENCE 
PAGE OAT£ ^ / 

'/A /»/^/? ?V 


PARAGRAPH 


NUMBER 

CH52-3AZB^,^;.::^ 






oA/E ^ ; ' 


*ilGNA T URF 




SUPERVISOR 
OATt 


APPROVAL 






? 


SIGNATURE , ' 


DATE 


4* 

' ; 




4 






> 








; 


• PRECLASS PREPARATION 




POUirMTNT LOC^Tf n , 
IN LABORATOr»Y 


EOUIPJyfENT 

^ FROM SUPf'UV ^ 
f- ^ 


CLASSIFIED MATERIAL 


1 

GRAPHIC AiOS AND 
UNCLASSIFIED MATERIAL 


!• Portable yjqyacety- 
lene Cutting Equip- 
ment consisting of 
1 carfc, 1- o:(ygen' 
cylinder, ^1 acety- 
lene ^qylinder, 
• toroJt complete witb 
cutta&ig tips, 


9 

itO 




N 

None 

r ' 


< 


105 

.2. TO ; 


(cent op revprso) 


CRITERION OBJECTIVES AND TEACHING STEPS 






I'laSzis^'iaf out'alS'nf P^Pe' specimens , observing all shop safety • 

Tef^tto \VlA'ttll Joint's mus? be 
beveled to 37 1/2 degree aoigles witha/32 inch laiid face, clean, and free of . 


Teaching steps arc list^ed in Part II, ' 


; , 
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3^ 

INTRODUCTION TIME: 

1. Attention: 



•2. Re^?ttw: 



3» Overview: During this lesson you will learn layout and fit ^up of various 
types o5 pipe joints for welding, 



4. Motivation: 



BODY 



TIME: 



Presentation: 

1* Layout and fit up of pipe 
joints for welding 

i 

a. Butt joint using pipe I 
* (1) Most common joint 

(2) Where wall of pipe is less< 
than 3/16" 

(a) Bevel 20 to 37 1/2° 

(3) Pipe of large diameter wall 
thickness 

?» 

(a) Us£ backing ring 

(4) Reinfor€efeent 

(a) Not in excess of 1/16" . 

b. Tee joint using pipe 

(1) One m^ber forms an angle 
to another-^ 



NOTE: Draw joints on chalkboard and 
layout of each 



. . c. Angle joint using pipe 




(1) One member forms an angle 
to anpther 

(a) Problem of fit-up much 
greater 

(b) template is ne,eded to 
insure correct fit-up 

1 ' Materials needed for 
template^ 

£ Straight edge 
b Triangle 
£ Compass 
d Rule 



£ Paper and pencil 



Application: 



1. Given material, students will lay out and 

t-up various types of pipe joints in 
Accordance with TO 00-25-224 and TO 34W4-1-5. 
^ * »\ 

2. Student-s will observe all safety precautions 
during accomplishment of projects,. 



Evaluation: 



!• Student^-. projects will be checked for' 
proper fit-up and alignment. . 



1 , Summary 



CONCLUSION 



2. Remotivation 



3. Assignment: ' have students read 3AZR53i5^-2;rWS-106 
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EQtMPMFNT I o*. Arro 
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1. Metallic Arc 
Welding: 



PRECLASS PREPARATfON 



tOUlPMENT 
FPOM SUPPLY 



None 



CL ASSIFIEO MATERIAL 



None 



^P'TFRION OBJECTIVES AND TEACHING STEPS 



GRAPHIC AIDS AHO 
UNCLASSIFIED MATERIAL 



1* 3/^ei?i^»-$"/-2.-5c^ 

106 
2. TO 

Fit*', ' '^oOi^ - 



^* 'upM?n! welding nachine, set up and nake current adjustments for 
Jotl2otp:r:i!'' '''' *° made withi^ the range'^o'f 

b._ Givon aw vAding eloctrodea, select the proper electrodoo for welding' 

■ T^rl'V^'t /'^''^ vertical, overhead, and horizontal positions/ 
each electrode selected must be equal to AWS E-6OIO. ^ s no. 

Teaching 3 top:; are listed in Pari II! 
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INTRODUCTION 



ATTENTION: 
REVIEW: 
OVERVIEW: 
MOTIVATION : 



BODY 



•PRESENTATTON: 



1. Principles of operation and use of 
various types of electric arc 
welding machines. 

a. Fundameijtals of electricity 

(1) Electrical current has a 
positive and negative 
terminal or pole 

(2) Polarity is the direction 
of current flow ^ 

(a) Straight polarity 
electrode negative/ 
work positive 

(b) Reverse polarity 
electrode positive, 
work negative 

(3) Electric circuit - A domplete 
conducting path- over which an 
electric current flows 

(4) Electromotive Force (EMF) or 
volt - the- push that moves the 
current 

(5) Ampere - the rate of 
current flow 



Time: 



Time; 
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CI 



M3 



(6) Ohm - the unit of resistance 
to the current flow 

(7) Arc stream - a break or 
gap current flows across 

Types of welders 

(1) A,C, Welders 
(a) Transformer 

_1 MosV commonly used 
2_ Most economical 

£ Lower initial cost 
Lower, maintenance cost 
3^ Rated in amperes 
4_ Main parts 

at transformer 

b frame 

£ ventilating system 
d shell 

£ adjustment mechanism 

(2) AC -DC welding machines 

(a) Produces both currents through 
the use of a. rectifier 

(3) .D.C. Welders 

(a) Driven by suitable 
motive power 

1^ Gasoline engine 

1^ Diesel engine 

3 Electric-motor 



A.C. welders have no 
polarity choice 



100 to 1200 




I 



G2 




(b) Variable voltage type 

1^ Voltage automatic ] 

2 Amperage manual 

, (c) Dual control tyjJe 

£ voltage manual^ 

2^ amperage mknual 

2, Set up and "adjust welding machine 
preparatory to welding 

a. Current setting 

(1) Size of electrode i- 

(2) Thiclcness of metal 

(3) Skill Qf operator 

' - (a) In general j-^J^he proper 

current settings are 
• * obtained from experience 

and should be adjusted to 
fulfill the requirements o'f \ 
the particular welding 
operation. ' - ^ ' 

Forces responsible for metal 
deposition are: 

(1) Gravity- 

(2) Gas exp^ansion 

(3) Electric force 

(A) Electromagnetic force 
(5) Surface tension 
c. Magnetic arc blow 

(1) Erratic stiifting of the arc 
^ » (2) Induced by D.C. current 

. (3) Overcome by 



15-45 volts 



1/8 uses approx 110-135 amp- 
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(a) Change position of 
ground 

(b) Change angle of 
electrode 

d. Major factors determining the 
quality of the weld 

(1) Current setting 

(2) Length of arc 

(3) Angle of electrode 

(4) Speed of travel 

(5) Selection of electrod 

Perform operator maintenance of arc* 
welding machines ^ 

a. Cleaning 

b. Check cables electrode holder 

c. Fuses 

Types of V coatiAgs on electrodes and types 
of electrodes 
« 

a. Designed with wire core and 
coated 

(1) Prevention of oxides and nitrides 
(a) Causes brittleness in weld 

b. Types of electrode: 
(1) Bare 

- (2) Light coated 
(3^ Heavy co^^d 

c. Types of coatings: 

(1)^ Cellulose 

(a) Derived from wood pulp, 
sawdust, cotton or com- 
positions of rayof. " . 



(b) D,C,R,P. current 

(c) Protests weld with gas 
shield 

(2) Mineral 

(a) Clay asbestos 
^ (b) D,C.S,P* current 

(c) Protects with slag 
5« Select and identify electrode types by 

a. Military specifications 

(1) Air Force Supply Catalogs 
identify arc welding elec- 
trodes by military specifica- 
tion number mL-E0834 

. (a) Class^ last two digits 

%12^ 13 

(b) Class B last two digits 
10 or 11 

(c) Class C used to weld* 
chrome molybdenum and 
chrbme nickel molybdenum 
steel when heat treatment 

» is required 

(d) Class D same as cl^ss C on 
only gives deeper penetration 

b. A.W.S. numerical artd color code 

(1) /♦ digit code 

^ Letter stands for 

electrodes 

(b) First 2 digits = PSI 
in thousands 

(c) Third digit « recommended 
« ' position 

(d) Fourth digits" type current 

(2) Five digit number 



Example: E6013 



60 

1 

3 
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(a) Same as 4 except first 3 
digits tensile strength 
in thousands of PSI 

..(3) Color code 

(a) Primary - top tip of 
electrode 

(b) Secondary • spot or band 
^ about 1/2" from top 

(c) Group - just below upper 
, ^ edge of flux 

6» Most common electrodes 

a, E6010 

(1) No color marking 

(2) All position 

(3) DCRP 

(4) Cellulose coating 



, (5) Best for vertical and 
overhead work 

(a) Good penetration ^ 

(b) Most used electrode 

b. E6011 

(1) Blue secondary 

(2) All position 

(3) AC or DCRP 

(4) Designed as 6010- except for 
use on At 

c. ^T:6«J^ 

<1) White on secondary 

(2) All position ^ 

(3) AC or DCSP 



*^ \i^)7Mineral coating 

(5) Very good for poor fit ups 
(a) Less penetration 
^ ' d. £6013 

(1) Brown secondary 

(2) All position 

(3) AC or DCSP 
Application: .* 

> 

1. Given equipment and materials 
^ f students will: 

4 

a. Set up and adjust welding machine 
for pipe welding without error 

b. Select the proper electrode for 
pipe welding in the vertical, 
overhead and horizontal positions 
without error 

x*- 2. Students will observe all safety 

precautions during accomplishment 
of project 

i 

* Evaluation: — ^ ^ 

1,' Students^ projects will be checked for 

a. Proper^set up current^ adjustmAit 
^ and electrode selection 

b* Use of safety precautions during 
^* accomplishment of project 

CONCLUSION 

1. Summary: 

f 

2, Remotivation: 



^ 3, Assignment: Have students read 
^ . " . . 3A2R53250.-X-WS-107 
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Prepa^^ Yariooo Typoo of Pipi> joinlo for Woldinfc 



C laGflroom/Labo vapory 
D&D' ^rhr/Perf .5 hr 



LE SSON DURATION 

•Complementary 
2 hrs 



^Oi REFERENCE 



z 



TOTAL 



3 hrs 



='^CE DATE ' 
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DATE ri 



OAT F 



SfGN ATURE<. 



DATE 



> 



rotMPMENi uuc A r r 

'N LAeOwArORY 



5> 



1. - Vapor De^reaser(8) 

2. Sandblast' Machine 

(8).; / 



PRECLASS PREPARATION 



' QJMPMEnT 
f'tjoM SliPf'L Y ' 



Hone ■ 



CL^SSI^IEO MATERfAi. 



GRAPHfC AlOS ANO 
UNCLASSiriEO M/ITERIAL 



None 
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2. TO 



R^fT^EP^O N Otll^ CHVES AND TEACHING STEPS 



a, Gtven the applicable equi-pment and various type3^of pioe specimens, while 

observing all. shop paf^y r^uirements, set up a:id p^pax^ joints for ^eldins 
Specimens must be free* of burm* and all organic matter. weiamg. 

Teaching oeopnjjro lintr-d in Paii; 11^ 
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t^cro' i«ti 77t*tff/ai 



1. AtjSition 



INTRODUCTION 



so 



TIME: 



2 • Review^'J^ 



3 . Overview 



Motivation 



Presentation 

1. Prepare pipe" joints for . 
welding 

^yt-^-L^^^^^^ specimens provided 

(1) Precut 

(2) Beveled ' " 
* 

h. Cleaning procedures' 
(1) Remove all: 
V (a)' Rust 

(b) Scale 

(c) ' P.aint 

* (d) Oil and,>^rease 



BODY 



I 



IDE: 



• .er|c 




PROVAL OFFICE ANO OATF 



COURSE >i\^BZn 



SLOCK XUMBER 



teSSOH PLAN(RcM I, Gentrol) 



INSTRUCTOR 



31 



COURSE TfTLE ' • 

Welding H igh and Low Presrsure Lines 



BLOCK riTLE 

Welding H igh and Low Pressure f nnpa 



LCSSON TITLE 

i 

Ifetallid Ar c Veldlivc of Carbon Steel Pi no 'Jointo 

J ■ 



Jlasuioom/Laboratoiy 
1 hr/Tlrf 17 hrs 



LFSSON DORA HON 



Complpmeritary 
'4 hrs 



PACE NUMOER 



^01 REFERENCE 



TOTAL 



hra 



PACF DATE 

75^ 



PARAGRAPH 

8 



NUMBER . -JK 



STS/CTS REFl RLNCr 



OA re 

1^ ^PaiLi^-^ 



SIGNATURE 



5UP5RYISOR APPROVAL 



DATE 



SrONAl URE 



OATE 



PRgCLASS PREPARATION 



EOUIPMENT LOdATEO 
rn LABORATORY 



1, Metallic kvc V/old- 
ing^Iachino(l) 

2, Podeotal Grinder 
and .Buffer (l) • 

3« SandBlast Machine 
(8) 



EOUIPMENT 

FROM Supply 



CL ASStFiED MATERIAL 



None 



GRAPHIC AiOS AHO 
bNCL ASSIFtEO MATERIAL 



1. Bf^z^S'jin-T- -^<^' 
108 ^ 

2. TO ^ 



r 



I Given metallic arc 
obser^/ing all shop 
vortical pooition. 
und^^roii^, and Ding 

b. 'Given metallic ire 
.obnorvmg ill rjhop 
ve^tiC'l^ porn tiun, 
undorcut, and nlag 

Givon me tall arc 
obr'^r/mg all shop 
vortical pooif.ion. 
overlap, undercut, 



CRITERION OOJCCTIVES AND THACHINC STEP^S 




welding equipment and' carbon steel pipe specimens, while 
safety meas'.ires, set up and weld butt-joints ih the fixg« 
Joints must have 100?$ penetrition and be fi^e of overlap, 
inclufjiono for tlie entire length of the weld/ 

wcid;.iig eqiupmont and carbon Gtool pip.; npncimena whilo 
oaimy^moanureo, not ujf and wold anclo-jciinto in the fixed 

Joj.ntu iH^^havo iOOfo penetr/ttion and be froo of^ overlap, 
inclusion^ fot the entire length of t^ weld'. 

^ * # 

welding equipment and carbon steel pipe specimenc, while 
Safety meaouxeo, cet up 'and weld tee jo.ints in the fixed 

Jointa muat have 30 to 80^ 'penetration and be free of 
and slag inclusiono for the entire lengtfi of the weld. 
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roRM 
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LESSON PLAH (Pott l,^on#rof) CDNTIHU ATiON SHEET 



CRITERION OBJECTIVES AND TEACHING ST E PS (Cpni.nued) 



d. 



e. 



^ Given metallic arc welding equipment and carbon steel pipe specimens , while 
observing all shop ^feby measures, set up apd weld butt joints in the fixed 
horisipntal posit ioiu Joints must have lOO^S penetration and be free of overlap, 
tmdorcut, and slaf; in ;iu;uono' for the ^ntiai length of • the weld, 

Gi vpn metallic nvc v/r^lding oquimnent rj\d carbon otrul pij^o op^cimeno, wlivlo 
cbBor/ing all nhuu finleby, meaoiirr^o, 'oet up and vreld angles m hhe fixed horizontal 
position. Joints must have lOO;;^ penetration -uid be'fi;pe of overlap, undercut, 
end slag inclusions for the entire length of the weld. 

Given nie + all LC at- \p-^^dxiuz equipment and carbon stool pipe ijpecimens while obnerv 
mg all shop safety tnaasures, oet up -ind weld tee joints in the fixed horizontal 
position. Joints, must have 30 to Qofo penetration and be free of overlap, 
midercut, .md slag inclusions for the entire length of the weld, 
• 

Givv>n metallic arc MKildmr oquipnient -uid carbon steel pipe 3petcim3ns while 
Dbser\'U)g all .c:^op ::afety measures, set up and weld butt joints in the fixed 
overhead positiun. Joints must have lOOfo penetration and be fr«e of overlap, 
imdercut, and slag inciuaions- for the entire length of the weld. 

Given Tictallic arc weicUng equipment and carbon steel pipe apecimens while 
obt^^rvinr: al I ^sho]/ safety measures, set up and weld angle joints 'in the fixed 
overhead positionj^ Joints must have Wo^ penetration and be free of overlap, 
^undercut, and slag inclusions for the entire length of the weld, 

G^ven metal Jig arc welding equipment and carbon steel pipe specimens while' 
^obser-zing ail cjhop safety measures, cet up and v/eld te'e joints *in the fixed 
overhead poaitiou/ Joints ;nu3t have 30 to Qofo penetration and be free of 
overlap, undei^cut, and slag inclusions for the entire length ocf the weld. 



Teaching steps are Ijsted in Part il, 
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INTRODUCTION 



TIME: 



1. Attention 



2. Review 



3. Overview 



4. Motivation 



Presentation 



BODY 



TIME: 



ERlCr 




1, Weld joint of carbon steel in the 
fixed vertical positioit, 

ajn ^f^tical position welding * 

Dre difficult than flat 

r 

(2) Short arc 

(3) Reverse polarity 
{A) AWS - E - 6Q10 electrode 

technique for welding vertical 

*(1) Hold electrode perpendicular 
to plate 

(2) Upward tilt of electrode tip 

(3) Point electrode down* ta start 

(4) Shelf • ^ 



(5) N 



break arc 



i 1^ 



5^1- 



(6) 3/16" electrode max diameter 
for vertical welding 



c. Joint preparation and specifications 
' (1) 1/8" material 
. ' ' (2) No special preparation, 

(3) 1/4" or heavier 

7 * 

(4) BeveJLed 

(a) 4 ' . 

Xb) U 
(c) V 

2. Weld joints of carbon steel in the fixed 
: overhead and horizontal ppsitidns to 

specification^. 

a» ^Overhead welding 

(1) Errection of structures 

{7^ HrJrdest position % 

(1) Forces in electric arc 

* 

(2) Expansion of gases 
/(3> Electrode 

U) Type^- 
' \ (b) Size 3/16" 
i^) Short arc 

(5) Angl^ of electrode^ 

(6) Al?o helped by * 

f 

(a) Adhesion 
^ ' (b) Surface tension 

** 

(c) These help overcome 



1^ Gravity 

2 Surface tension of 
electrode 

c. Preparation and specifications 
• (1) Clean metal ^ 

(2) 1/8" or under 

(3) ^1/A" or^ heavier • 

(4) Beveled 

(a) J " 

(b) U ' 

(c) V 

d. Welding Techniques 

(1) Hold short arc 

(2) Don't weave " « 

(3) Angle depends on type joint 

e . Safety . . 

(1) Wear protective clothing 

(2*) Check for electrical Ijazards 

Application: Each student will weld 
carbon steel pipe Butt, tee and angle 
.joints in the fixed vertical, horizontal 
and overhead positions, 

END O'F 'DAY SUMMARY 

Sunanary 



Assignment: Have^ students review 3AZF!i3250-X-WS- 
and notes taken ih class. 
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INTRODUCTION TO NEW DAY'S INSTRUCTIONS 



Continuation 

1 . Remotivation 



•2. Review 



Presentation 
Application: 

1. Students will continue to^reld carbon steel pipe butt." tee and angle 
Joints in the fixed vertical, horizontal and overhead positions. 



^ 2. Students will observe all safety precautions, 



END OF i)Aii,S8MMARY 



Summary : 



Assignment: Have . students review 3AZR53250-X-WS-108" and notes taken in 
class. 



' INTRODUCTION ,T0 NEW DAY 'S INSTRUCTIONS 



'Continuation 
I. Remotivation 



2 . Review 

^ - 



ERIC 



SI 



Presentation 
Application: 

!• Students will continue to weld carbon steel pipe butt, tee and angle 
Joints in the fixed, vertical, horizontal and overhead positions. 

2.. Students will observe all safety precautions. 

Evaluation: Welds will be checked for porosity, slag inclusions, overlap, 
undercut and penetration. 



CONCLUSION TIME: ' 



1 . Sucanary : 



2. Remotivation: 



3. Aasignment: Have students r^ad 3AZR53250-X-WS-3.d9 
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INSTRUCTOR 



COURSE TITLE 

Weldipg High and Low Pressure Lines . 



fILOCK TITLE 

Voiding High and Low Pressure Lines 



LFSSON riTLC 

Inert Gas Shielded Arc Welding of Stainleoo Steel Pipe 



'Olas 9 room/JbaDorato ry 
2 hrs/Perf 12 hro 



PACE NOMeER 



NUMPE n 

£252^5 aae O/r/- 2_. 




^ICN A T URf 



''UPf ffVtSOR APPROVAL 



f>AT F 



SIGNATURE 



I 

4- 



DATE 



iN LABO»*ATr»nY 



1. Inert Gas Shielded 
Arc Welding 
Eqmp3)ent (l) 

2. Pedestal Grinder 
* and Buffer (l) 



A 



f f*OM '.UPl I. Y 



TRECL ASS PREPARATION 



CL A$SIPIE0 MATERIAL 



None 



r-K'TFPlOM onjfCTlVES AND TEACHING STEPS 



GRAPHIC AIDS And 
UNCLASSinCO MATERIAL 



109 



•'JivoM inort-, chioldv] arc welding equipment, set up and maice current adjiot- 
monto/or w-Udi.-.g stainlooc oteel pipe joints. Settings must be made within 
,the ranp^} of 60 to OO amperes. 

Ojvon mr-t /n". rjhioldod nro VA-'lding .equipment, or^t up ond make coriV.ct r^o 
flow .idjiL-Tl.-n'ntrj '--r wjlding stainleos steel oipe joints, .Getting-j must be 
□--•do vathin tho range of from 10 to 15 cubic feet per ho'ox. 

Given atainlesc nteel filler rodo, select the coi-rect. filler rod fo^- weldinr 
Gtainloao steel pipe joints in the overhead, vertical, and horizontal positions, 
c-ach filler rod must be -correctly selected. 

GivPn in"rt r.-ic nhi^lded arc aiding equlpnent and stainless steel nipe specuaens; 
while )bner-/ing all ?Jhop safety neasurec, set up ar.d weld butt joints m the fixed 
,irTtical position. Joints must have lOOf. penetration and be free of overlap, unde 
cut and surface o;;pLdat.ion for the entire length of th'» weM. - 

\ 
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LESSON PLAN (Part I, Genetol) CONTINUATION SHEET 



e. 



f. 



h. 



1. 



k. 



CRITERION OBJECTIVES AND TEACHING STEPS (Conl.nu.d) 



Civon inert gas shielded arc welding equipment and stainless steel pipe specimens, 
while observing all shop safety measures, set up -and weld angle joints in the 

xed vertical position. Joints mUst have 100^ penetration and be free of 
overlap, und»>ruut, and ourfrfbo oxjdation for the entire length of the weld. 

Given inert en-" uhicidt'd arc widiiig .•qui.pment ?m(l otairiiono utool pipp 
^'poci3iona, whil- obcei-vins all nhop safety meisuros, set up .uid weld tei- joints 
in the fix-rd vrticai position. Joints -nust have 30 to bCffo penetration and bo 
free of overlap, undercut, and surface oxidation for the entire lemrth of the 
v/cld. . _ 

-^iven inort e-^ cnicl<l-d arc ;^'lding '^qtxiprn'^nt and ntainJ.^iis steel pipe specimens, 
while obaer%-ing dl^shop safety measures, set up and weld butt joints* m the 
fixed -hotfizontai position. Joints lust have lOOfo penetration and be free of 
overlap, undercut, and surface oxidation for the -entire length of the weld. 

Given inert gac shielded arc welding equipment and stainless steel pipe 
spe5iii!ens, whiU observing all shop safety measures, set up and- weld angle joints 
m the iLx-d horizontal position. Joints must have lOO/o penetration and be free 
of overlap, undercut, and surface oxidation for the entire^'length of the weld. 

Given inert gas shielded arc welding equipment and' stainless steel pip^ 
specimens, while observing all shop safety measures, set up and weld'tee joints 
>^ m .,he fixed horizontal position. Joints must have 30 to Qofo penetration and 

h'^ free of overlap, undercut, .-md surface oxidation for the entire length of the 
weld. 

j. Given iriort gao shielded arc welding equipment and stainless steel pip= 
3.peoimen.'j , wliflc observingitell shop safety measures, set up and weld butt 
jomtn. in the f !,*ed overhead position. Joints must have 100^. penetration and 
be free of overlap, undercut, and surface oxidation for the entire length of the 
weld. ' 

Givon inert gas shielded arc wclcUng equipment and stainless steel pipe speciinens, 
wfxiie obscr/mg all shop gafety measures, set up and'weld angle joi^xt^n the 
fix-d overhead position. Joints must have lOOfo penetration and be free of over- 
lap, undoix-ut, ;vnd surface oxidation for the entire length of the weld. 

1. Giv-n inert r^s stu elded arc welding eqiiipment and stainless steel pipy specimens, 
while ob';er/Lng all ijhop safety measures, set up and weld tee joints in the fixed 
^ overhead pocit«.'jn. 7t;..^r»m«»r ..rf^-c 3.- /-J v.-^^ penetration and bo free of 

overlap, undei-jut, and surface oxida^tion for the entire longt^h of the weld'. 



Teaching steps are listed in Part.II.- ' 

•J, . 
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INTRODUCTION 



TIME: 



1. Attention 



2. Review 



Overview: In this lesson you will learn inert gas shielded arc welding machine 
set up, filler rod selection, current setting and gas flow adjustmen 
for stainless steel pipe welding. 



Motivation 



BODY 



Presentation 

1. Principles and uses of TIG 
a. Principles ^ 

(1) Inert Gas 

(2) Protect Weld Area 

(3) Colorlesa\ odorless 

(A) 'Nontoxic, non-flammable - 
b . Source of Power 

(1) AC-DC Current 

r ' 

(2) Accurate current control 

I 

(3) Superimposes high frequency 
(A) Welding current 

(a) DC 'Straight polarity , 




1^ Electrode negative 

1_ Less chance of arc blow 

3 Used on stainless 



'3 ' ' 



Torch 

(1) Types 

(a) Ait cooled 

1^ Thin material i 

2 AC-DC up to 100 amps ' 

(b) Water cooled 

1^ Higher current ratings 
abo^e 100-300 amps ' 

2_ • 1-2 pints of water through 
the torch per minute 

3^ 45 amps fuse as safety device 
^to prevent overheating in case 
of water ^ stoppage 

4_ Water stoppage usually residue 
or dirt in p^assage 

5^ Disconnect waterline ' 
reverse water flow 

(c) Basic parts of a torch 

1 Cpllet used to hold 
'electrode 

2_ Cup ^'irects gas flow 
■ . 2 Torch body 
, (d) Electrodes 

V 'Commercially pure 
* a Green tip " ' 

2 - 1% Thoriated ^ " 

\ 

7 £ Yellow tip 



. ■ ' * a Red 



3 2% Thoriated 



ERIC - ' ^ ^ 



4, Welding joints of corrosion and heat ^ 
• resistant ferrous alloy pipe in the » 

vertical position to specification. 

a* ' Proper joint preparation as 
described above ^ 

b. Tack weld"' 

c« Weld, bead appl^^ion 

(1) Penetration pass ^ 

(2) Stringer beads 

5, Welding joints of corrosion and heat 
resistant ferrous alloy pipe in the 
overhead and horizontal position, 

a. Proper joint preparation 'as 
described above 



b . Tack welds 

c. Weld b'ead application 

(1) Penetration pass 

(2) Stringer beads 

4 

Application: 

1. Students will weld butt, angle and, tee 
-Joints^ of sl?ai^less steel in the fi:;ed 
v^ftj^^cal, horizontal and overhead positions. 

2\ Studei^s will observe ^^^ 1 isd 'fi^y^' 
precautions . , 



X r .-r 

SuniyiaryV 



END OF DAY SlM^lA^Y 



Ai>s>gnmeftt : Have students review 3AZR53250-"X-W5~109 
and notes taken in class. 
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Welding High ancTLov Pressure Linea 



BLOCK TITLE 

Welding Hi^,and'LQV( Pressure Lines 



Ihert^as Sltielded Arc Welding of Aluminum ^ipe Jc^ints- . 



tESSON OURATlOj^ ^ 

Cbmj^ementaiy " 
None ' V 



_P0» RErERFNCe 



TOTAL ^ 

Hrs , 



^f»Aof; oAi F 



HUMSCR 



STS.XTS WFFERJ NCI 



r ARAQqAPM 

10 



o A> r 



sionXjure 



€3 



" SUPERVISOR APF^ROVAl 



OATE 



SIGN/ TURE 



COUlAylCNT LOCATED 
IN LAOORATORY 



1. Inevt Gai3 Shielded 

Al-c Welding / 
.» Machine (l) 
2* Pedei^al Grinder 
and Buffer (i) ' ' 



• EOUii 
FPOKK 



MPMF.NT \ 

SUPPLY CL ASSiriEO mI^erial 4fc 
^ ^ . i . 



OATE 



None 




. C.fftTERiON OBJECTIVES ANOjeACHlHG STEPS 



or'aphic *ios ano" 

UNCLASSIFtrO MATEWAL 



1. 3f\2,^S>'5;sr,^JK. s^ 
110 

2. . ■ 



a.^ Given an inort fjas cliielded -ai^t*: welding machine , while- observihg all shop 
safety meapures, set up .and mabe^corxect current adjustment^- f*r wel'ding •> 
aliaminura pipe Jointo. S'-'t.tingd muaj>be made wi'thin the raiige of 110 to 1-30 
'amperes. ' 



Givon an ine:;}; ^pa^ohielded arc we Idir^g Machine , while observing all shop 
safety neasureo ,- set up and miake correct gaa flow adjustments for welding 
al'Jiainum pipe joints. *Sotting:3 nfus^ b& made within the range.' of 1©. to 15 
cubic feet per hour. " " ^.t— ^ 




F^po rpecinonj?, v/hile obr3er»n.n/^ all" nhop safety measureo ,^ oe.t ^uj and'weld butt 
joints in the .fi:65d vertical position. Joints must have* lOQ^ peY^et rat ion and 

- - - < - *' ® • * 
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LESSON PL'AN (Port I, G«n«ral) CONTINUATION SHEET 



CRITERK^OBJECTIVtS AND TEACHING STEPS (Con>inu«d) 
' ^ / — 



freo of overlap, undercut, and surface oxidation for the entire len^h 
of i\\Q wbld. ♦ . 

Given inert rao^ fihieided arc voiding .equipment and aluminum or aluminum alloy 
pipe opeoirponn, whilo obt;^^ing all ahop safety meaauros, set up' and weld an^le 
joints in the fxjcod wrtLo/l position. Joints must have 10(3^ penetration and be 
fjs^Q of overlap, undercut, .and surface oxidation' for the entire length of the * 
weld, 

Given inert gan -oluolded arc wciciing equipment and aluminum or alramum -ilioy • 
pipp gp^cirronc, whU^^ objorving all r>hop safety meaoiir'-j, sot up and wold tee 
joints in the fixed ^/crtical position. Joints must have 30 to SO^ penetralion 
and be free of overlap, underclit, and sifrface oicidation for the entire' length 
of the v;eld, , • ' • 



Given 
pipe B 
joints 
be Ire 
weld. 

Given 
pipe 0 
joints 
be f re 
weld; 

Given 
pipe s' 
'joints 
and be 
of thp 



inert gas shielded 'arc welding equlpmlht and aluminum or aluminum ailc3y 
pecimens, whil§ obser/ing all sho^ safety measures, set up and weld butt. 

in the fixed horizontal position. Joints must, have 100^ penetratipn and 
e of overlap, undercut, and surface oxidation for the entire > length of , the 

inert gas shielded arc welding equipment' and alamnum ox aluminum- alloy 
pecimens, wiiilo obGcr/ing all shop sarety measures, set .up arid -vje Id angle 
in the fixed hofir.ontal position.^ pint's mftot hav(S IOO^\j:!enet;c^tion and 
le of overJap, undeifcut, 'and surface oxidati'onofor thd/erltire' len/rth 6f the 

inert garf oliielded arc welding eq^pment.and alunrinum or aluminum alloy 
^pecimcns, while observing ^11 shop safety meast^res, ^s^t lip.and weld t,ee 
in the fixed horizontal position. . Joints must ^have 30 tp 80^ penetration 
free of overlap, undercut, and surface oxidation for the entire length 
weld. ' * . ' * 



T^^hin/^ steps are list^^d in Part II. 
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■ INTRODUCTION 



TIME: 



l," Attention 

V 



. 2. Review 



^ 3. Overview: In tlris lesson you will learn inert gas ^liclded' arc welding machine 

set-up^' .filler rod selection, current setting and^ gas flow 
adi|Btiaents for ^ali^odkinn. pipe welding, 



4. llotivation 



BODY 




Presentation ^ 
y 1/ Principles and uses' af TIG 

a . , Principles ^ ' ^ . 

V * •* r' 

' (1) Indrt Gas 
^ (2) Protect weld area ^ 
^ (3) Colorl*ess, oddrleds . 
\\ ^ \ (4) ^Nontoxic, nonflammable 

b. Source of power 

(1) AC-DC Current ^ 

. ^ ^ .(2) Accurate, .current GOtvtrol 

^ ^».(3) Super imppses high frequency 

' , ' (4) Welding current 

<i (a) DC straigliJt pplarity ' 




(3) Gas floy is measured in 
litres per hour or' in 
cubic feet per hour 

e. Torch 

(I) Types 

(a) Air pooled 



jL^Thin mqfcerial 

- 2 AC -DC up to 100 amps 

(b) Water cooled * 

1^ Higher current ratings/ 
abovo 100-300 amps 

* L pints^ of water through 

the torch per minute 

3 45 amps fu^^s" safety 
device to prevent over- 
heating in case of water 
stoppage 

_4 "Water stoppage usually 
residue or dirt in passage 



V 



5^" Disconnect waterline 
, reverse water flow 

(c) Basic parts of a torch 

1^ Colet ysed to hold 
^ electrode 

♦.^ ' • 

_2 Cup« directs#gas flow 
2 Torch body ^ 

(d) Electrode 
1^ Commercially j 

^£ Green tip * 




(2) ^ 6061-T6" 
b. Type Filler Rod ^ 

(1) . Ab43 5% Silicon%fod 

4. ^lach:Uie adjustment prior to welding 

a. .CurVent 
AC high ^equency 

* (2) DCSP straight can Be used 

b. Tungsten 

' (1) 'AC-HF use 2% Thoriated 
i 

(2) *<SlCSP - uses pure tungsten 

5. Weld aluminum pipe v^tical 

a. Direction of travel 

r • 

b. Speed of travel - 

c. Heat control 

d. Filler rod deposit 

• ^ * ( ■ 

e» ^orch angle . * ^ ^ 
I. Stop aAd starting of welds* 

6. *Wel4 aluminum pipe horizontal position 

a. Direction of travel ' » ' . 

b . ^ Speed of travel , . •» * 
^ c. Heat control 

d^. Fallen rod "deposit * ^ 
^ e. Torch angle 
f. Stop and starting olji welds 
7r Safety • ■ • 

a. Protective equipment. 



Evaluation : 

1.. Check students welds for porosity, 
contamination, undercut and overlap, 

i CONCLUSION 

1. Summary 



2. Remotivation 



3. Assignment; Prepare for course exam? 
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Study Guides and Workbooks are training publications authorized bjl^ir Training Command (ATC) 
for student use in ATC courses'. . • 

The STUDY GUIDE (SG) presents the information you need to complete the unit of instruction or 
makes assignments for you to read in other publications which contain the required information. 

The WORKBOOK (WB) contains work procedures designed to help you acKi eve th/ learning' 
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Chanute AFB, Illinois 

' PRACTICE SHOP'SAFETY REQUIREMENTS IN THE 
* PERFORMANCE OF REQUIRED TASKS 

OBJECTIVES * ' *, . 

After completing this stucjy guide and your classroom in^tructioti, 
you will answer questions concerning- protective equipment, arid general 
shop safety practices. Safety practices williinclude the use of 
arc welding machines, grinders, and oxyacetylene cutting equipment, 

INTRODUCTION * ^ 



Personal safety and fire prevention are especially important 
in betals processing because of the types of equipment which are 
used. The of gas welding and arc welding equipment involves 
wor.king with open flames and exposed electrid arcs. Weld repair 
of fuel lines', if proper precautions are not observed, can expose 
the worker to explosive or toxic gases. We will discuss specific 
safety and fire precautions relating to the various items of equipment ' 
and metals processing operations as we come to them in tlie course. 
In-thi9--^tudy--gTrf3ie-we-mention briefly general precautions which 
jttustbe observed with regard to shop safety, health, and safety 
e^iuipment. . . , ^ ' 

As a welder, you must be familiar with the correct" procedure 
for the set-up and operation of both* stationary and portable oxyacetylene 
welding equipment.' Air Force shops make extensive use of portable 
welding equipment. In shops which have stationary equipment;, the 
portable outfit is used for work which cannot be done in the shop. ^ ' 
Basically, the equipment used "for each is the same except that the 
gases are piped to' the welding station 'in a stationary setup, while ^ 
the portable outfit is operated directly from, the cylinders of gases 
yhich are mounted on a cart or truck. Double stage (two gauge) j:egulator| 
must s^lso be used on portable outfits. The welding outfit is your 
jaost important tool as a welder. You must be familiar .with* the " 
proper care of the ^utfit and be able' to maintain each unit of the 
welding setup. 

INFORMATION / ^. ' m 

SHOB SAFETY ^ ' . 

These gener^ shop safety ^1^ must be. strictly enforced: 

1. Keep oily or greasy rags in covered metal containers. 

2. Wipe up oil or ^grease spots from t^e floor and the wotk 
bench immediately. 
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3, Do not weld in the vicinity of flammable materials • 

4» Make certain that a fire ext^.nguisher is near before you"* 
begin welding • , 

^S* Don't allow hoses or arc welding leads .to clutter the 
area and become stumbling hazards. 

.6, Keep ail handtools and special tools not in use in their ' 
proper^p laces ♦ ' > 

7\ Store metals in^a stock racV, 

8, Keep the shop area clean, well lighted, and well ventilated, 

HEALTH AND SAFETY EQUIPMENT 

Observe these health and safety .equipment rules: • 

1, ,Do not wear ragged cld^hing, or clothing with open pockets, 
missing buttons, or rolled cuffs, . 

2» Do not wear low cut shoes,, ' » 

3, ^ Wear approved helmets and lenses, gloves, and aprons^ for 
protection against infrared and ultra-violef. rays when arc welding, 

4. Warn al^' persons .near electric welding operations against 
looking at' the arc, * - . . ' 

I 

" 5, ^ Wear the type of goggles appropriate for the types of % 
welding being performed. Wear goggles while 'you are using a cutting 
torch, ' , ^ 

6, Wear chipping goggles to "protect against flying hot slag 
when you are cleaning welds, * * P • 

7, Mark hot metals ;Do not. leave hot metal in places where' 
it will* create a hazard, * * 

8, Do not; hold, hot welded material with rags or gloves which 
yjQu use for buffing or grinding, 

* 9, Cool all w^ds prior^ to buffing, 'grinding, or inspection, 

" 10, When you are ^lectr^c'Velding outside the stationary booth, 
.inclose the area with a portable screen to protect personnel from" 
possible eye damage, ^* 



FIRE PREVENTION 



Equally as important as goQjd housekeeping is an. efficient fire 
prevention system. You should carry out all safety precautions that 
pertain to the prevention of fires. "You must- know what to do when 
a 'fire occurs. Many fireS are caused by carelessness and by poor 
housekeeping. Oily rags are fire hazards. Poar stqrage practices, 
' especially of flammable materials, may -cause fires. Overloaded 
electrical outlets and defective circuit breakers are also fire 
hazards, jlere are a few precautions that- you should observe; you 
.can add to the lis,t from 'your own exp,eriences.' ^ 

1., Do not allow oily rags to accumulate. 

2. Observe the signs in the NO SMOKJNG dreas./ 

3. Do not allow your clothing* to becom^ saturated with, fuel 
or oil. If they^do, change your clothing as soon as possible! . 

4. Do not stor^ gasoline, kerosene, jet fuel, or any other 
flammable fuel in open containers. 

' 5. Make sure that the static lines are in "place- and that 
the aircraft is grounded properly before you work on'it.- 

' 6. Do not open any oxygen valve near a flame o/ a lighted 
* cigarette. 

^ Since fires will occur, no matter how many precautions are 
taken, you must be ready 'to fight them quickly and effectively, 
You^should Icnow the telephone number of the base fire department, 
the location of the fir6 extinguishers, and which type of extinguishe 
•to use for the type. of fire you are fighting. The telephone of the 
base fire depfirtiaent is usually posted in large letters on posters 
ijLjthB ^shop, in the' barracks*, and on the flight line. As a rule, 
the base Ce^fephone directory^ has this number printed in large letters 
on the cofer page or^^)tx one of the first pages of the book. If , alarm 
boxes are inst^^lled 'on your base*, learn- where they are and how to' 
use them. Locate the fire extinguishe^r in 7our innnedia'te area, 
determine what type i't is, and learn how to ufe it if the need ever 
arises , ^ ^ ^ , ' , 

' w * ^ • ^ % . . 

. ' ^ WELDING AND CjJJjmG SAFEiy 

Because of t;he potential fire* and explosion Hazards present 
in any welding or flame -cutting operatio^^'saf ^ty rules mustJ^e 
followed very clbsely to avoid injury to personnel or d^ 
equipment. ' - / . - • 



1. No welding should be done on combustible, matotrials^ or 
containers until the containers have been properly flushed and ste^ 
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Tanks removed fron lircraft for flushing and steaming 
must be el^ctricajjry^rounded during the operation, ' ' ' 

3. Welding oil' -aircraft ^s, <o be done only^^in the case of ' 
emergency and by special permi^siro of an officer or supervisor 
charged with the_ responsib-ility for welding and flame cutting operations 

^4. , If welding must b^doiie within 100 fe^* of- tanks containing 
flammable liquids or vapors, no one shall be allowed to work on the 
tank: or remain^ closer to the tank than the welcfer, 

5. A*fiTe extinguisher must be in the itimediate vicinity 
when welding mast be done. One or more ^ fire extinguishers should 
,be carried* as regular equipment on all portable^elding apparatus. 

Storage and Handling of Cylinders 

1. Oxygen and acetylene cylinders should be stored separately 
in a cool, well^ ventilated ,^ fireproof building. 

2. Expld'slon-proof electrical equipment must be used in cylinder 
storage rooms. ' ^ 0 - ' ^ 

3. No open flames , ^grinding toolg,, or spark-emitting^devices' 
should be iised witjhin the storage rdom. , 

4. "Smgking or carrying matches must not be allowed in the 
storage room, . * 



be 9tored 



5. Cylinders should be 9tdred in an upright ppsition while 
in storage/ \ ^ ^ 



6, Cylinders ^ust not be stored near^ combustible material. 

7, Cylinders should' be 4iandled with more than ordinary caution. 
Rough handling ^may cause leaks that may ^result in' an explosion. 

8, Oil and oxygeri under^pnassure may form a self -explosive 
mixture; therefore, no" oil, gases, or lubricants of any kind should 
be usfed on^oxygen cyMnders or regulator connections. 

' \, 

Operation and Maintenance of Stationary and Portable Oxyacetylene 
'Welding Outfits . - * - «• ^ 

1, Regulators are to be 'used 'ofrly for the gases for which 
they are intended. . 




Welders must know the identifying characteristics of both 
oxy§SP||nd acetylene regulators. ^ 

3. Cylinder valves should be opened slowly; the oxygen valve 
should be opened fully, and the -acetylene valve not more than one 
and one-half turns. 



on acetylene c^lnder valve wrench must be. left in place 

!f f cylindet valve so that th^ acetylene can be sLt ' 

off- quickly, in case of an emergency. ^ ob anut , „ 

o£*f Ln^A^Z.^ flashback occurs, both torch valves must be shtft 
S^f ^r^^T \\ valve first and then the oxygen valve. 

The torch- should then be cooled and inspected before relighting. 

7. When a backfire occurs, the tip siie should be decreased 
bLfin?o"the""ip"ch::;eT °' /""--^^ - -ercome the. burning 

rh. 1' \ l^^^'l^ completed, the cylinder valves «must be .closed; 

the regulator hose and torch should be bled to release the gas pressSes • 
th^regulator adjusting screws should be fully released; and the 
torch Aialve should be closed ... . ' ' 

9. . 4opper tubing should not be used to splice acetylene hoses 
as an explos4.on could occur (copper, acet;ylite gas). 

10. Only commercial bronze, •l>rass. or -steel fittings should ' 
be used to repair oxyacetylen6 equipment. 

11. Faulty regulators must not be used and only qualified ' 
personnel may make repairs on regulators. 

12. The acetylene operating pressure should never exceed 15 
ibs per square inch on dxyacetylene equipment. 

QUESTIONS • . ■ 

i. Where should oily rags be kept after use? 

u . ^^^""^ to buff ing or grinding a piece of metal afteV weldtng, > 
what should you do? 

3. How and where are oxygen "and acetylenk cylinders 'stared? 

4. Who will repair oxyacetylene equipment regulators? 
REFERENCES . ' ■\ -w • ' 



AFM 127-101, Industrial S afety Accident Prevention Handbook . 
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PIPE WELDING REQUIREMENTS AND^SPECIFICATIONS 



OBJECTIVES 



After compieting this study guide and your classroom instruction, 
you will answer a. series of questions on the specifications and • • 
requirements for pipe welding. «> 

INTRODUCTION 

Although, welding at first glance sd^ps to 'be' a very simple 
process., every bead welded, regardless of^^e o{ flS^ial OK^osition 
of the weld is^ rigidly controlled. These controls are caiiid weld* • 
specifications and give the correct d^.men§'ions and shap/of every 
type of weld^ They go hah^^h hand with^weld requirements. In the ' 
sim^est tefms,. weld requirements tell you what is needed and the 
specrficati&ns tell yoU how to achieve it. 

^a,-^ ' , <*•«•■ 

INFORMATION > . ' . 



ERIC, 



' A welded pipe section is known to be the most efficient' for 
application where handling of oU. gases, water, and other Substances 
range from "high vacuum to pressures of several thousand pounds per 
square inch. Mechanical joints are not satisfactory for-^many of 
these services. Electric arc welding provides effective joints 
in these services and also reduces weight, increases the strength! 
and lowers the cost on pipe maintenance and installation. 



SPECIFICATIONS 



Welding current, electrode size, mean voltage, and manner of 
depo&iting the weld metal .shall be such, that there will be no undercutting 
on the sidewalls of the weldin§ groove or adjoining base metal. ^ 
. Each bead or layer of deposited weld metal shall be uniform, and 
■ shall blend smoothly and gradually with the base metal. Cracks 
or defects that appear in any bead or layer of weld deposit shall 
be removed before depositing the next successive bead oir^lay-er of 
weld metal in that location. 

^ ■ ' ' ' ' ' ^ 

Root weld deposits shafL have full penetration for th6 full 

length of^ the joint, and" shall be started midway between tacks ;■- 

subsequent pasises shall be started 1/4 to 1/2 inch on the preceding 

pass. After every, interruption of- the arc, except at Che completion 

of a pass, the arc shall be restarted ahead of. the previous deposit ^ - 

and then-moved back to fill- the crater. This technique will ensure 

comple;te.x filling of the crater; complete fusion be twedn' the new " v 

and old deposits artd the base metal at the point of j^nction; and 

complete resultant continuity of weld. ^Unfilled arc craters in ' 1 

weld deposits are not permitted, and will^rejected. Before welding • 
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over previously deposited metal, all traces of oxides, slag, and 
foreign material shall be temoved from the weld depo'sit, and the 
weld deposit and adjoining base metal shall be wire brushed until 
thoroughly clean at all points, 'This shall apply not Snly to successive 
layers, but also to successive beads and to th^ overlapping area 
wherever a junction is made*.when starting a new bead ox layer. All 
materials must be bright and clean throughout the welding operation. 

Butt Welds 

Butt welds shall have one pass for each 1/8. inch of pipe wall 
thickness. Butt welds and saddle ^welds shall be flush with the 
inside of fhe pipe. In cases where grinding is not t)ossible, butt 
welds shall have a finished bead* width approximately 1/16 inch on 
each side o£ the bevel, tJnder no conditions are wide beads to be^ 
used to cover poor fitup. • ^ • 

Reinforcement |pi » . 

. Reinforcement of butt welds shall be not less thian 1/16 inch, 
nor more than 3/32 inch above the surface of tjie base metal. Reinforcement 
.shall be built up unifomly from the surface of the base material, 
to a maximum at the center of the weld; and shall blend smoothly ^ 
and gradually with the base material at the weid*edge6. Finished 
weld contours shall be uniform and free from- depressions lower than 
the surface of the base metal, * ^ 



, Inspection 

^ " .Appearance of completed welds shall be 'reasonably smooth and 

uniform. They will be free from surfaced defects. All slags, Otfeld 
spatter, and foreign material shall be removed from 'the surface 
of weld deposits and adjoining base metal. Completed fabrication 
shall have a bright , 'clean , surface. 

Welds which require radiographic examination shall have the 
outride and inside weld ripples or surface irregularities removed 
i 'Where possible, .This will be done by any suitable mechanical process. 
Removal of irregularities shall be such that the resulting radiographic 
contrast from any remaining irregularities cannot mask or be, confused 
with that of any objectionable defects, ^ 

Requirements 

The welded joint, in order to meet the requirements, must be 
of sound quality. In the case of a joint that is to ^e X-rayed, 
it is considered to be sound only if there is no evidence of inclusion, 
blow holes, burn through., cracks, porosity, or underc;atting, X~ 
ray of a welded joint is not tihe only method of testing a weld, 
you can also. use a tensile test. The tensiLe test requires that 
a joint ,be considered satisfactory if the failure occurs in the 
base metal and not the- joint. The weld can break next to the welded 
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SPECIAL PIPELINE WELDING REPAIR APPLICATIONS 



OBJECTIVES 



After completing this study guide and your classroom instructioftv 
you will answer a series of questions concerning pipeline weldihg 
preparation procedures, operator qualifications and welding , techniques 
for speciaf pipeline welding repair applications. 



INTRODUCTION 



Each of us appreciate a pat on the back for a job well don^, 

, The only way to do the job , is the proper preparation of the joint; 

^being qualified to complete the joint and to apply* the proper techniques 

'while doing the joint. This is the key to a job well done. 

9 

The objective of thi^ les^n is to provide personnel who possess 
*an AFSC 53250 or higher with the latest technical information on 
welding requirements. These requirements are specified by AFR 66- - 
25, "'Qualification of Weldors/' and Military Specification MIL-V * 
5021D, "Aircraft and Missile Welding Operator's Qualification," 

Subject material includes the welding of carbon steel, stainless 
^ steel, and aluminum alloy pipe in the fixed position; and inspection 
of weld^ repairs and safety requirements. / 



INFORMATION 



PIPELINE REPAIR 



Practically^ all metals can be w£lded successfully.' Some of 
the metals require special welding applications In order to successfully 
join them. The welding of pipe joints is a popular means of making 
a pipe instalfation. T^e advantages of pipe weldj.ng is neatness, 
compactness^ rigidity, and low cost. Arc welding *can be satis- 
f actx^rily *4one on pipe, but the welder must be adapt-in flat, hori- 
zjrhtal, vert^icalV and overhead welding techniques. Skill in the 
various p6*sition welding techniques i^ raijuired^iecause of the many 
positions involved in pipe installations. Inert gas welding of 
pipe gives excellent results. The high pressure pipe lines use^ - ^ . 
this method of welding to ensure sCund welds, 

All taetals cannot be welded without the use of spehial materials ^ 
and supplementary operations, in that some'metals, nibre than -others, 
ar'e susceptible to alteration caused by heat generated during the 
welding process. The application of heat produces a variety of 
structural, 'thermal, and mechanical ejects on the metal being welded, 
and on any metal which may be added in making the weld. Technique 
of application and base metal as well as filler metal characteristics 
a;i:e prerequisites for producing a weld that is iiietall|irgically equal 
to the- service for which it is intended,. 

■ . ' 13 ' • • 
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WELaiNG CONTROL 



To obtain satisfactory re3ults 'during welding, it is necessary * 
to examine the fac^ors-^a&fecting the deposition of sound weld metal. 
The following .factors will govern quality. ' ' 

1. Cutting .and edge preparation. 

2. "Cleaning. 

3. Fitting up and tack ^welding . . 

4. ^ General requirements. • " ^ 

5. .Angle of electrode. 

6. Welding current. , . ■ * . ^ 

7. Travel speed. 

8. Preheating. ^ ' * • 

9. Peenirig. , ' ' ^ ^ . ' 
10, Conformance to welding procedure specif ications. 

• ^ PREPARATION PROCEDURES . ' • 

Cleaning * . • . . 

The welding faces and tjie adjoining pipe 'surfaces .should be 

:^AnA'H--Ka^k-.^---jAaAf 1/d yTrh f rom the welding groove. Ml rust, 

paint, scale, oil, or grease ahould )?e removed by either a chemical ^ 
or. mechanical method^. It difficult - if not, impossible,- to secure 
penetration and fusion to the base metal ^d.a sound weld* deposits 
unless yoti have 'a clean surface. / ' \ ' , 

• "... * _ . . 

Alignment ' ' . . * ' [ 

Before welding, the pipe must be Carefully lined up. If the 
two pieces to be joined have the same internal diameter backing 
rings may bemused to bring the ^bore of the two pieces into alignment, 
regardless of , wall thickness. When backing ryj.ngs are npt used;- 
the two pipes or- fitting ends 'are of ten' secured in a fii^ed jjosition 
by means of an external clamp, or by , positioning in a channel* or 
section of angle, iron Xarge enough to. pemit the end§ to , fall into 
proper line, as ^shown in figure 1.' .Where the pipps meet at an angle, 
a suitable jib may be 'constructed if- a number of such joints^ warrant 
its construction. Proper alignmetit for angular, members can be closel 
'maintained by predetermined allowances for contraction bf the wel,d, 
along with proper welciing "procedures, thus eliminating, the ne4d*. ' 
for a jig. * ^ . - " ^ . 



SUFFOftT SLOCK 



Figux^ ly- Angle Iron Serving' as Jig For 
Small 'Diameter Pipe. 



acking 



After the joint ts aligned, tack weld at regul^ intervals 
' prior to actual weJiHing^V Th'is maintains- the joint alignment andr 
permits you to remove any e^^^temal fastenings which Have been used 
for this -purp<>-se and which woul* interfere with the com^jlete welding 
of the joint. Tack welding also permits you to handle the pipe 
after setting-up and bef ore^elding . .As a rule, the length of the 
tack welds in arc welding should be two to. three times' the thickness 
of the parts joined. Tack welds should be thoroughly fused into 
the main weld, ^ 

WELDING TECHNIQUES ' * ^ 

Pipe welding itjvolves no new principles of ^welding. The main 
difference is that the position qf the Work or'tKfe welder must be 
constantly changed due to the circular form of the pipe. 

There is no definite direction for welding pipe in a fixed 
position. The preferred d irection is usually from the bottom upward, 
however, considerable weiUin?7-e5pecia±ir-of-i:hi^-oir medium wall 
thickness pipe/ is done in the" opposite direction. Ordinarily; 
mbre metal per layer is deposited in welding upward, and the requirement 
of having the layers thin enough to undergo complete grain refinement 
must.be watched. On the other hand, liownward welding requires a ---^ 
higher degree of skill to secure adequate fusion with the side .walls 
and to avoid trapp ii^ the slag, 

^ IJie number of parsses required in making a pipe weld varies 
with the wall thickness of the pipe and the position of the pipe 
when it is welded. When the work can be rolled or when the pipe 
is in a fixed horizontal position, a layer of metal is deposited * 
across the full width of the welding grdovfe^^during each pass. With 
the pipe in a fixed vertical position, the metal is deposited in / 
a series^ of stringer beads,. Regar^^ss of the position of the pipe, 
there is usually one layer or pass each 1/8 inch of wall thickness. 

i EaWi layer ^of weld metal%should be thoroughly cleaned before 
depositing the next layer Chip with a- slag hammer and clean with 
a wire brus^ to remove all' the slag dep&sits. 
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Weld 



eld' Repair - ' * 

When a^weld is t^o be repaired, the defect ^should' be removed 
by chipping, machining, flame gouging, or flame cutting. After , 
removing the def.ect,, clean and shap% the repair area so that a sound-* 
weld deposits can be obtainfed. - / 

• ■ ^ ' • ^ 

Procedure %, ^ N 

1, Cut two" pieces^ of pipe teethe ^required length. v - 

2, Clean and'bevel the joint ends, as shown ii^igure 2. 




■(. 
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X , ^ _ . Figure 2. Butt Weld in Pipe, ^ 

3V \ Set up work in V blocks or ^t an angle^and tack weld at ^ 
four equ'ally .spaced points • , * • . . . 

A. Using'. o\ie hand* to ^urn-^fhe work, weld the first pass using 
a 1/8 inch diameter^ eilectrode. 

' /sT ^ C^hip off thA' sl^s and inspect the weld for penetration 
and fusion . ^ \; 

> ^ ; : * ^ . ; . - * 

' 6. 'Weld the * second pas^ in the same manneif, using a 3/32 
inQh efectrodel , ^ 



7. Check tlie weld jo;^hts f6r welding- faultst^ ^, 

' • ■ . ' \ 
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QUESTIONS . ■ , ^. 

, 1, List three pjreparation i)rocedur6s • * 



' J 2, -What direction of travel is usually preferred when welding 

, ^pipe? / , . ■ ' ' ^ 

^ ' 3, What is done to* prepare*, defective welds for rewelding? 
REFERENCES - • . 



.TO 34^4-1-5, Welding Theoiy and Appl< 
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^ * , 'LAYOUT AND FIT-UP OF VARIOUS TYPES OF PIPE JOfNTS . - 
OBJECTIVES . 

After completing this -study "guide, assigned s>tudy/and your • 
classroom instruction, you will Uy^out and properly fitup various 
types of pipe joints. " . ^ ' ^ - ^ ' 

INTRODUCTION 

V 

Pipe welding is like working a jdgsaw puzfle. Although you 
have a picture of the fihisheti product in front of you, you still - 
have to put the pieces together. Without learning the proper procedure 
for laying out and fitting up of various pipe joints^ yoM xnky neyer 
get your "pipfe puzzle" together. 4^ * ' 

INFORMATION ' ^ - * . . ^ 

The materials necessary for making patterns consist of a straight 
edge, triangle, compass, rule, piece of heavy paper, and a pencil. 
In preparing to lay out a pattern for a 90 .degree- bend, as shown 
in figure 3, first determine the^vsize of the pipe, then proceed 
to lay out the pipe joint in actual size. ' Use the outside lines 
of the pipe to- represent the outside diameter, as. shown in figure- 
• 3,^ step 1. Next, inscribe, a circle' and divide it into 12 equal 
p^rts, numbering them beginning with zero (step one). Extend these, 
points ovet the line AA and number the intersections so'-that they 
correspond with the points of the circle, as shown in figure 3, ; 
steps on<a and two. Draw the line BB at a right angle to the diameter, 
starting it exactly three* inches from the right corner. This adrapletes 
the pi?eliminary >^ta'ils prior to making the actual pattern, 

/ ' - 

Now, t)roceed'to Idy off line CC, which represents' the circumference 
of the circle, as shown' in figure ,3, stet) 3. Divide this line into 
as many equal parts as the circlfe was divided into, and number them, 
beginning at the 16ft with zero. At each division, dra^ a line 
at a l^if angle to CC. Now*, starting at 0, lay off the vertical . 
line aO^^gth equal to B~0; on line 1, B~l; and so on until B-12 ' 
is laids^ff , whieh is equal to B-0, Now, join the extremities of 
these lines and the result should be the curve AA, which corresponds 
to the line A'A', as shown*^ step 3. The pattern is now cut out 
by cutt/ing' along the edges A'a', A'C.^^and CC, 

^ I- 
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Laijwg Out a Pdttem for - Laying Out a Pattern for 

a^ QO'^^Bend (Firsi $tev)\ ' ,a 5^?^ Bend (Second Step). 
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' ' * LINE CC REPRESENTS CIRCUMFERENCE OF CIRCLE ^ " 



# ' Figure 3. Pattern for 90^ Bend, 

The patXe'rn is then wrapped around the pipe, Holding it in 
position with one hand and. marking an outline on the pipe with soapstone 
following the line. A'A'. This *is the cutting edge. Cutting the 
* two pieces of^ pipe^ oiv the line A' A' and' butting- them together -result^ 
in a 90 degree bend which should require no trimming other than 
beveling pf the edges. * - 

The procedur^i^ as outlined above, can be applied to any sort 
of a pipe*joint. If a pattern for a tee is to be mide, the joint . 
is^laid out as in^ figure 4. The pattern is to 'be wrapped around * 
the. outlet of -the tee so the- circle is inscribed in the outlet and 
not in the run) ' ' 




^ , Fi'^m^ 4. Laying Out'-the Pattern for a Tee. 

^ The difference between this pattern and the previous patterh^ 

for the .ell is that the cutting line M is half a circle instead 
of a straight line. After the outlet is cut al-orig the edgte A^A' 
on the pattern, it is placed in position on .the n^n and thk outline 
marked and cut, the outJ.et serving as a pattern to cut the opening 
*^ ' in the run. This procedure may also be used in laying out patterns 

for ^ pipe elbow, as, shown in figure 5. 




n 



3UE5TIONS 

i 

' . 1* What materials .are necessary to prepare a pattern for 
, cutting pipe? ' ^ ' , ' • 

\ ' ' ' * # f ' 

2'. What is the difference between a pattern for an ell -and 

a tee joint f , . * ' 
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■METALLIC ARC WE.LDING MACHINE 
OBJECTIVES 'I ^ \ 



After completing this study "^guide, assigned study; and your 
classroom ins'trtio'tion, ycm will set up the arc welding machines , 
and select the proper electrodes .for welding carbon steel pipe in 
.the vertical, horizontal, and overhead 'position. 

» INTRODUCTION ' ^ » . . 



The electric current used for metallic arc welding is suppfied *' 
by a machine that converts line voltage of 110, 220, or 440 volts 
to a lo^ voltage, high amperag> current.. The heat is generated 
in the space between the end ot a consumable electrod,g_afe<i^ the base * , 

smetal hy the ;Arrent juipin^this space and creatir^g^ai electric ' • | 

ai;c. The .temperature of tiKis arc^ varies from 5000 degrees to 10,000 ^ 
degt^es. Since you^mu^< knoj what controls this^c and why it 
needs tx^Jie_^co»tr0±I^ you should become thoroughly familiar w±th 
the operation and maintenance of the various types of arc welding 
machines . 

fNFORMATION 

The function of^an electrjLc^arc welding machfne is to'^rqvide ' • 
'the spurce of current nfece^sary for welding'. It also provides a 
mealns for sustaining and controlling the amount of welding current. . 
These furicti^ons^aare achieved in many Js^ays, representing num'erous 
desfgn features o£ the manufacturer. Although "arc welding machines 
.jnay be classified in various ways, you should be* mainly interested 
in the type of current flow induced by the arc. They may be broadly 
classified as^ either direct' current (DC) or -alternating current . ' 
^AC) In^recAPt^escrsr,, .hgwe^er , e.l ertronic-^and^el^n-ium^-plarte rectifiers 
have been developed which operate on AC an<i produce a DC welding ' 
current. ^ ' ' - ^ ^ 

* DIRECt' CURRENT A^/ WELDING MACHINES 

DC arc vwelding- machines are suitable for use on all mefiais*. 
Thfey usliaHy produce more satZsfactpr^ results for welding thin 
materials 'because loj^ currejit settings are required. The type of 
machine best suited for metallic arc welding depends upon many factors. 
The^ main difference between AC and DC arc welding is in the lower' 
initial anii operatiAg coslts of AC equipment.* 

Electric Motor-*Dniven Generator * , ' 

The most widely used welding machines are of the motor generator 
type, which operate by electric pot^r Uo produc^'^^rect current 
of the proper characteristics for aDp welding « TJiey consist of , ^ 

a driving ^motor and a direct ciirrenu^generator with the arma^ffire ♦ 
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of the generator inoiinted oji the same shaft as -the rotor of the driving 
motor. The shaft is supported at each end by ball bearin'gs and ^ 
•the machine is made as compact^as possible. Two controls for the 
welding current are provided: one for large increases or dec-reases, 
aiid the other for small changes. Some machines provide^ a switch 
for changing polarijty;.; others require changing the position of the 
Welding cable leads. A pushbutton 'switch, located on the control 
panel, allows convenient startinfg and stopping of the n^chine and 
overload pr,otection .for the driving-motor. A voltmeter and ammetef 
permit you to set the machine to tfhe correct current output. Most 
of these machines are taounted on k chassis so that you can move 
them around. the shop. They can be mounted either vertically Or 
horizontally. Motor-driven generator welder^" are rated by current 
output in amperes and range* from 100 to 1200 amperes45^ A 300 amp 
welder is the average size usfed -in most Ai^ Force welding shops. 
These .current ratings represent the amount of current which the 
machine can genetate continuously for one hour without exceeding 
a specific temperature rise. They can deliver more than the rated 
current for a short period withoQt damage to the. machine. 

Engine-Driven Generator ' . ' ^ . 

When an electric power , sour^ is not available, a gasoline 
dr; 'diesel engine is used to drive the Welding g^e'rator. The engine 
is equit>ped with automatic throttle control and -a governor to control 
the power demand on the generator. The comple'te unit, figure 6, ' 
is usually mounted on a trailer type chassis and can be towed tp 
the job site. » * * , " 




Figure 5» Portable Gasoline'-^Engine Driven Arc Welder. 

The voltage of such a-^eneratot usually ranges from 15 to 45 • 
volts across the arc, although any setitl^ is -subjected -to constant 
variation due. to changes in^the arc length. Current output may 
vary* from 20 to 800 amps, dependring on the type of unit. In most 
DC welders, the generator is a variable voltage -typegpnd -is Arranged 
so that the voltage automatically adiusts itself to tne proper demands 
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of th(B.arc. The amperage is adjusted manually and is set tb^he 
proper^^ange by eith'er a selector switch, or ^ series of plug receptacles. / 
Vfhen both voltage and amperage of -the .welder are adjustable by manual 
controls, tRe machine is' classified as a dual aaaferpl type, figure 7. 



^ VOLT.AMPMETW • 
^ VOITAGC RHEOSTAT ■ 
STARTING SWITCH • 
CURRG^SaEaOR- 



aECTRooE Hoioer 




" Figure 2, DC, Motor Generator Arc Welding ^Machine. 

Rectifier Welcjer 

^ The rectifier welder qhranges' alternating current to direct 
current for weldirig. Electronic tubes or selenium plates are used 
to change or rectify three phase alternating current to direct current. 
There are controls to change the welding current, open circuit voltage, 
and chang'e ^polarity. The current -output ^f these machines allows 
a stable arc to be^ heV at aiiy sj^tting from 5 to 75 amps. This 
allows ydti to weld metals as thick as 1/16 inch as easily as welding 
materials 1/4 inch thick. 

ALTERNATING CURR^T ARC WELDING MACHINES^ 

Two general types of AC arc^>.welders are the transformer and 
rotating types. Most AC arc welding* machine^ are essentially static 
transformers. The transformer offeps' three advantages: low initial 
cost, low operating cost, and low maintenance cost. Due to the 
absence of moving parts, the initial and maintenance costs are less 
than thos6 for DC machines', ^ 

Transformer Type 

The transformer type of AC welding machine operates ,from one^ 
phase of the power supply. The primary winding is connected « 
•• ^ ' 25 
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to the power line and the secondary winding is connected to the ^ ^- 

welding cables. Some machines have the transforme't windings tapped 

at intervals to allow you to make changes in the welding current. 

By using the different taps, you: -can i^icrease or decrease the current 

to suit— your needs. Other machines have a movable coil or core 

which is' controlled by a hand* wheel. Current settings are made 

by either tu.rning the hand wl\eel c-lockwis'e or counterclockwise to 

r^ise or lower thi current setting. These macliines are raped by 

current output and are availab*le in a wide range of current settings. 

Since these transformers draw. current only during the time^ the weld 

is being run, they give remarkable economy in power consumption. 

They are easy to adjust to the Required current settings and require 

very little maintenance, ' . f ^ 

Rotating Type ^ ' / 

The rotating type of welding machine is a motor generator and] 
may be combined with a frequency change^^ to allow the welding machifne- 
to be converted to heli-arc operations, or* a phase changer to supply 
auxiliary power for tools or lights. A two position switch permits 
you to select either a high or low current. An auxiliary control 
is used for fine durrent adjustments, ' 

Accessories 

Arc welding machines require certain accessories to make a complete 
welding set. y > T ' ' • 

WELDING CABLES. ' Welding cables are rubber-covered, multistrand, 
copper cables made specifically fop-ttic wtdldiug. — The slzti ^OI c^le 
you may use depends on the^^itornlal welding current and the distance 
from the machine to tjie work; For distances up to 50 feet, a 200 
ampere machine should have /a No* 2 cable, a 300 ampere^ machine 
have a 0 cable, and a frOO ampere machine should; hav^ a No, 00 
cable, * 

ELECTRODE' HOLDER. The electrode holder is attached 1q one ., 
^of the welding cables, and has a clamping device 'ffor holding t^ie 
eliectrode. Various si^es^are available according -t^ the amperage' 
capacity of the welding machine. ^ 

-MAINTENANCE OF ARC WELDING MACHINES * * ^ - ^ n 

**T)ue to the amount of dust 'and grit present, in all welding sbops, 
proper maiatenance of equipment is very important. Although you 
can perform rouitine maintenance, you should have a qualified electrician 
perform any ext^ensive repair or adjustment.' The following periodic 
maintenance schedule should help you to prevent- a mafpr breakdown 
and prolong the life of the equipnent. You can find detailed instructions 
pertaining to the operation, maintenance, overhaul, and the parts 
catalog fox specific types of _arc welUing machines in the 34W4 series 
TO entitled '^elding Machines and Related Equipment," An inspection 
record noting all maintenance performed and dates should he kept 
for each machine, 
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Monthly Cleanirig and Inspection ^ 

,Air is dtawn into the machine 'by the cooling fan and circulated 
through passages and arouni t;he- windings ;* An accumulation of dust 
in, these areas will, cause increased operating temperatures.- Clean 
out the machine wi^h dry, compressed air, as shown in figure 8. 
If. the tttachine Is, greasy, it should be taken apart and thoroughly 
cleaned. ^ ^ 



• BU'OW«OUTALL DUSTFROIVI'THE: lNSIOE- 
; .Ot'THE MACHINE^ AND: CONTRoLcABINEn 
r'WIWCL£AW^DRy; COMPRESSED AIR. . i.. 
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^-Pigure 5. Cleaning by Cor^ressed Air. ^ ' 
Electri car Parts. / - 

' ' 

During the monthly inspection, check the condition, of the switch 
points, brushes-^ c:t)mmutator^ and the bearing^, as shown in figure 
9. "^Brushes that have worn enough to reduce their spring tension 
appreciably Should' replaced. Brush springs that have been weakened 
from overheatiRg- should be replaced to assure positive brush contact. 




Figure 9. Brushes and Commutator. 
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Eich time thV- brushes are^replaced , the conanutator should be 
checked f or c.leariliness and wear, A ccmmaLatoi:. good condition 
has a deep bronze color.. Ridges or pockets on. the 'surface of the 
comnaitator should be removed by turning if down 'on a lathe, ^ 

* Eleqtrical switch c5ntacts should be sanded smooth if they 
are pitted; as shown in figyre 10, Badly burned contacts shoufLd 
be replaced. The wind^^ngs of the generator and motor should qe 
inspected ^once a year and given' a'' coat of shellac if they are dry 
or cracked, \ - 



S- WUE THE BURNEt» CONTACT? POINTSVrjja'^ 
.S UNTH-SMOOTHrOffREPtACEHris'-i;:-' . ^ 
BADLY OAMA<^t^.v}^i^^;> ^''^'-'^ 




Figure 10. . Contact Points. 



Lubrication . " - * 

' , Welding machines that have mouing parts should be lubricated 
at 4-6 montfi intervals, depending tlpon the number of operating hours. 
The more you use the -welder, the . shorter^ the time between lubrications 
should be. Be sure you don't use too, much grease. The excess grease 
•could be thrown on the commutator oif ^vindings , causijig deterioratioa 
of the insulation and a pogsible short circuit. Use the grease 
spe<;ified by the manuf acturer/on th6 data place or in the Military 
Specifications. . • ]. * 

'FUNDAMENTALS OF ELECTRICITY IN ARC WELDING 

There are some.bas^ic electrical 'facts which you should know 
to help you^^'understand the purpose and use of electricity in arc 
welding, 

/ . . ' ' V 

Circuit , ' , 

#. 

An electric -current cannot flow without a complete conduct- ^ 
ing path. This path is called a circuit, "In arc welding, this 
circuit is mad^ up of the welding leads, electrode, and the arc 
stre&n, as shown in figure 11, 



ELECTROOC 
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Figure 11, Simplified Diagram ofjlleotrio Arc WelLding UvaitU, * 



Voltage'^ ' - - > 

i • ^ ■ ' • 

Electricity needs a push to move through the circuit. This 

push/ is -supplied by, the electromotive force which is commonly known 

as voltage. The voltage is created by an imbalance of electricity. 

This imbalance ds cteat^ed when the welding generator builds up' an* 

electrical charge greater than the resistance in the leads. The * 

voltage then forces the electric current through the welding lead 

and electaroSe, As the current reaches the end of the electrode, 

t^e voltage builds up^^til, like lightning, it has Xho. necessary 

push to *force the current across the' arc gap* The current^ passing 

across the arc gap releases energy in the form of heat, causing 

the molten pool to form almost immediately. 
i 

Ampere 

\ 

In order to control the amount of e^fci^ctricity in any given 
circuit, it needs to be measured. The unit of measurement is called 
an ampere. The ampere tells the amount of electricity flowing per 
second past a given point. - - ' ,A 

Ohm . u ' ^ ' ^ ^ 




The amount of current flowing in the circuit is determined 
by the amoilnt of resistance in the, circuit. The resistance is known 
as an ohm. The ohm measures the resistance to current flow.' Each 
metal has its own^ resla^mce. In welding, you need leads made from * 
a metal i??hich has a Id^^lsistance,. Since copper is one of the 
best conductors, it is'tfsed in all electrical appliances, generators, 
lines, and welding leads. Steel has a much- higher' ifesistance and 
WiDuld become too hot for welding purposes bther than its use as 
an electrode. ' * * * 



Arc Length " . ' » 

In metallic arc welding, the proper leng.th of /arc is necessary 
to' make good welds. With the proper arc length, tine heat is Concentrated 
on the work. With a long arc, much of 'the Jieat is lost by radiation 
Xo thfe' atmosphere, ,A short arc ds more stable than a long" arc, 
giving you more control of the molten pool, ' With a short arc, vapors 
from the burning electrode coating surround the electrode metal 
and the molten pool, preventing air from reaching these hot points, 
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ARC WELDING PRINCIPLES 



When a circuit carrying a current is "broken, the current continues 
to flow across thp gap un^il the spac^ becomes too wide. In bridging 
this gap, the*current. is carrie*d by superheated gases from the heated 
atmosphere and part^icles -tJ^ metal from the terminals. This causes ^ 
an intensely bright light which is called an electric* arc. Sin'Ce 
the resistance is very high in the arc, a great deal of electrical 
energy is converted into heat,' ^oth in the arc and at thT points 
at which it enters and leaves, the terminals.' The proper "arc length • 
causes metal exposed to it to melt almost instantly. Figure 12 
shows the characteristics o^ the electric ^yc ; ' * 



• tLCCT^OOE cone Wt*t 
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Piguria 12. Arc Chccraaterietias of Heaoy-Coated Electrode. 



Pol ari ty 

Every electrical circuit has a positive and negative terminal 
or pole. In a. DC circuit,' the 'current 'flows in one direction only. 
The line that carries current^ from the supply is called the positive 
side, and the line that retuims the current tAythe supply is called 
the negative side. \ ' 

In straight polarity, the work is connected' to the ^sitive 
side and the electrode- is connected to the negative side. In reverse 
.polarity, the work is connected to the negative ^Stde and the electrode 
is connected to the positive side. Ffgure 13 illustrates 'Cjurrent 
fj^ow in straight ajid reverse polarity DC welding. ^ ' ^ 
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A/ Straight Polarity. ^ ^ 



B. Reverse Polarity, 



Figure 13. .Molarity of Welding Civcuits.' 
* % 

When you (are using. AC y/eldlng machines, you have no polarity' r 
choice. Alternating current changes Its direction of flow twice 
each cycle. Because of this, "you cannot* use AC machines for all 
types of welding. AC welding does have one advantage over DC welding; 
the changing polarity in AC reduces or eliminates , "arc blow," 

WeJd Metal Disposition . " 

'In all metallic arc welding -processes , five separate and distinct 
forces are responsible for the transfer of molten filler metal and 
slag to" the base metal. • -, ' > 

GRAVITY.^ This is the principle which accounts for the transfer 
of molten metal in the flat position. In the other Welding positions, 
gravity may tause a ],oss- of weld metal and slag because surface 
tension cannot retain large amounts of molten metal- and slag in 
,the weld^crater, Pti these cases, a smaller electrode with lower 
current se*ttings should be used, 

GAS EXPANSION. A gas is produced hy the burning of the electrode 
coating. This gas expands "from the heajf^at the ' electrode tip^and 
helps to project the moltien globules of metal and slag away from 
the electrode tip and into the molten pool. The electrode coating, 
which extends beyond the tip of the electrode, controls thd direction 
of gas expansion and directs the molten metal into the molten pool. 

« 

'Electromagnetic FOmS^ The electrode tip acts as an electrle^l 
conductor and, since the molten metal globule is also an electrical 
Conductor, it is affected by the. magnetic forces acting at 90 degrees 
to the direction of curr^t flow.. These forces produce a pinching 
effect on the metal globul^^Kfc speeds the separation from thia end 
of the electrode. This 1^ particularly helpful iWransf erring 
the metal, in the horizontal, vertical, and overheadSbsltions; 

ELECTRIC FORCES, The force produced by the voltage acrass 
the arc pulls the pinched of globule of metal into the molten pool, 
regardless bf the welding' position. 
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SURFACE TENSION. Surface tension is the force^whl^ch Heeps > 
th6 filler metal and slag in contact: with the molten- ba&e metal 
in the arc crater. It helps |:o retaitl^the molten triert^l. In the horizontal, 
vertical, and overhead positions. It ife also a determining factor 
in the shape of the weld contour.' ^ vVV 

Magnetic Arc Blow ^ , : . * 

A ^phenomenon of DC arc welding is the tendency oythe arc t9 
waver as- if a blast of air were being- blown against it. -This trouble 
is often encountered in the welding of corners ^and at .the start 
and *end of butt joints. The ai^c is forcU^ly moved by a magnetic 
field set up in the work byxthe flow of the welding current. The , 
direction and amount of ben<J£ug o5 the arc' depends upon the direction 

^ and strength of the magnetic tield. -In or^r to eliminate or minimize 
this interference, change tj;ie posit ioa- of tjie ground in relation 
to the arc, or ck^nge the angle of the electrode. "Although these 
two methods are not the only* way to eliminate arc blow, they do 
work more often than any other method. 4s you tvecome more proficient 

'in welding, you may find another?^ method which works better for you. 

' SAFETY' 

Eyes V ' ^ 

The helmet is the most important item of personal equipment. 
When it is fitted wi,th the proper, leqs, it protects you from three 
types of radiation: '^iieat^ light, arid' Infrared and ultraviolet rays. 
S*lnce- these light rays can be harmful.' to other people in the area, 
you should always use screens or shields around your work area. 
If you have to weld .in an open arvea, keep' all unrfecessary personnel 
gj7ay and be-^^sure 'tSiat ^your helper has a helmet and uses it. Lens 
shades are determined by the amperage used in welding. Normally, 
a No. 10 shade is satisfactory up to 200 amps. From 200 to 400 
^ amps, a No. 12 shade is ueed. For over 400 amps, use a No. 14 shade. 

Clothing ' ^ * . . ^ 

Wear gauntlet type leather f^ves to protect your hands from 
heat and sparks. Use a leather apron to protect your clothing from 
sparks "and globules of moften metal. Wear high* top shoes and trodsers 
with no' cuffs. Cuffs can collect hot sparks and molten metal which 
fiiay ignite your clothing, resulting In serious burns. Never weair 
lorn or ragged clothing. It can catch fire easier and exposed parts 
of the body may be painfully burned. . * ^ * . 

Electric Shock * ■ . ' 

When you work in wet places, be very careful when you change 
electrodes, stand on a dry board or some other type of insulating 
material. Be sure that the machine is grounded*. , * ^ 
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^'WC , SEL^TIO/J OF CURRENT AND ELECTRODE . 

^ The. selection of the proper welding 'current a^d voltage depends 
upon thfe size of the electrode, the thickness of the metal being 
welded,- the position of the weld, and the 'experience and skill T>f 
the welder. S'ince several factors may affect, the current* settings , 
iJiformation published by welding machine manufacturers should only 
be used as a guifie, * • 

One of 'the difficulties you may have in learning to strike 
an arc is having "the electrode freeze to the, work. You can overcome 
this by moving the electrode 'across the woflJ as if you were striking 
a match, as shown in figure 14.^ 



THE ARC IS STRUCK JUST AS 
YOU, WOULD STRIKE A MATCH 



■ 



Figure 14. Frooedure for Striking the Arc. 

After you have established the arc, hold a JLong arc momentarily 
to preheat the base metal, then shorten it t?o the proper ^length ^ 
and continue the weld. The proper 'arc length is approximately the 
same as the electrode diameter and^has a characteristic^iss^pg 
and crackling sound. If the arc is too shoft'', it sputters, goes 
out intermittently, and the electrode sticks^ to the work. An arc 
that is too long causes spattering,^ loss of. puddle control, and 
poor penetration. > 



EXAMPLE^F PROCEDURE FOR PRACTICE 



1. Clean the surface of the .metal to be welded. 

- « • 

2; tincoil the welding cables, placing the ground plate on 
the welding table and elefctrode holder in its receptacle, 

3, Plug in the power cable e/id start the machine, 

f 4, Grip the electrode in the holder near th6 end. 

5. Pick out a definite spot ,on the plate, lower the helmet, 
and strike the arc. ' ' , 
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6. • Hold a long arc mdmentarily , then shorten It to the proper 
length. - . ' ^ 

7: Break the arc after, depositing a few globules of metal. 

8. Continue this procedure -until the arc can be struck at ^ 
the first attempt and at the right spot. 

-PRECAUTIONS: 1. AVOID* "FLASHING" YOURSELF OR OTHERS. 

2. 'make SUIIE^THE GROUND CONNECTION ON THE 
MACHINE. IS PROPERLY MADE. 

USE PLIERS TO HANDLE HOT METAL. 

IDENTIFICATION AND SELECTION OF ELECTRODES C ^ 

In-order to protect the weld metal from the harmful effects 
of oxygen and nitrogen in the air surrounding' the arc, some form 
of protection should -be provided in the arc stream. Sinc^ absorption 
of the^^oxygen and ititrogen by the hot weld causes brit2,^:eness in 
,the ^eld, tHe eLarctrod^s are designed with a suitable coating td . 
.^jrevent absorpjfexon-. This "coating produces a gas shield^ and a layer 
of slag which acts as a blanket, keeping the air from quickening 
the cooling rate of the molten pool, and aids in purifying the weld 
by letting the* impurities float tQ the surface. * 

Types 

Shielded aire or heavy coated electrodes are made from wire 
of a definite composition with a heavy coat^ing around the wire. 
These coatings have been designed to improve the ptiysical properties 
of the weld deposit, to control arc stability, and to increase tKe 
spelfed gjnd .ease w,eldiAg 'in the vertical and overhead positions . 
These electrc^des are manufactured by .extrusion, wrapping, heavy ^ 
clipping, or combinations of-. these processes. The coating of these 
elecftrodes may be either cellulose, mineral, or a combination of * 
both. ' * * . 

Reverse p^arity electrodes have a cellulose coating whicl) 
is made w(J^'d pu-lp, sawdust, cotton, or different compositions*-^^ - 

of rayon.. This -type of coating protects the weld by forming a gaseous 
shield^as it buri>s ,away. This gas shield allows >^e weld to cool 
and set up faster which is a distinct advantage whehv you are welding 
the vertical and overhead positions 

Straight polarity electrodes have a mineral coating made fi;om 
miSiallic oxides in the form of natural silicates, such as asbestos 
or clay,'or in, specially manufactured forms of silicates. This 
coating protects, the weld by forming a blanket of slag which reduces 
the cooling rate. Figure 15 illustrates the shielding effect of 
the heavy mineral coating. 
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WELO OEPOSITEO I 
^ SASE METAt MOCTEM WEtO METAL 

^ ^Figure IS. Action of Heaoy Electrode Coating. 

* <^ 

Identification of Electrodes 

'The ^erican Welding Society fcas established a number and color 
'code system for identification and selection" of electrodes/. It is 
absolutely necessary that you understand the system in order to 
select the proper electrode for* the job. 

NUMBER CODE.^ This code, is used on mild steel and low alloy 
electrodes. It may be either a four or f ive^ d4.git number with each 
digit having a siJ^ecific meaning. » » ' ^^^^ 

4 

Since the E-6010 .electrode is the ihost commonly used,* we can 
use it as an example of how to read this number.- * . ~ ' 

The letter E cfesignates this as an electric welding filler* 
rod* The fipst two numbers (60) indicate the minimum tensile strength, 
in thousandths of pounds per square inch'. In this case then, the . 
tensile strength of this electrode is a minimum ot 60,000 psi, * r, - 

TChe third nXamber (1) /indicates the weld position in which' the 
electrode can be best usted. This number can be any one of three. 
The one (1) indicates this as an*" all position electrode, A two ' 

(2) would indicate flat and horizontal welding positions, and a three 

(3) would indicate, welding in the flat position only.' 
% 

The fourth number (0) refers to the type of current to be used, • 
and indirectly, to the type of electrode coating. This ntamber may 
be any number: from zero- (0) to eight (8). Table 1 shows the current 
and coati^s for each of these numbers. 
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0 - 'DC reverse when third' digit is 1. 

0 - DC reverse polarity; AC when third digit is 2 or 3* 

* » 

1 - .AC-J^ or DC reverse polarity. ^ ^ 

2 - DC straight polarity or AC. ' ' 
- AC-55- or DC straight polarity.. 

5 - DC reverse polarity (lime or titanic 'sodium low 
hydrogen).' . ' ' ' ^ 

6 -,AC^"<' or DC reverse polarity (titariia'^or lojpe potassium, 
low hydrogen) . ^ " / - 

8 - AC ar DC reverse polarity (iron powder plus low ' 
hydrogen sodium, covering) . . * * 

^-Preferred 



Table 2. Electrode Covering Composttims and Current Selection. 

"^^;^^The five^i-git number gives you the same InfoCTaJtioh -as the 
four digit number, ?h.,J:hi8 .case, the fi^rsjt^^three^di^Ttg ajce^-^Bad^^— _ 
as the tensile strength with the last two stiU. being the position ^ 
and the current selection. ' ^ 

k\lS COLOR CODE. This code consists of three markings; The 
end, spot, and group, as^hown in^ table 2. _The end and spot color 
indicates the composition of the electrode while the feroup l:olor 
indicates the type of current. The end color is on .the top of. ^the 
base' or grip end of th'e electrode. The spot color located on - ^ * 
the grip end midway between the end of the electrode and^he^Jclux 
coating. The group color is locjated on the flux coating just below 
the grip end of the electrode. TRe color coding for common characteristics 
Is shown in table 2. * 

i 

Characteristics of Corpon Electrodes 

The E-6010 electrode is the most universally used of all metallic 
arc welding electrodes, pr.incipally because it can be used in. all 

-positions, and the weld deposit has physical properties at least 
.as good as any other specified electrode. It is sometimes referred 

.to as the cellulosic type because the coating contains a' considerable 
amount of cellulose, such as wood JE^lour or paper flour, combined i:^-. ^ 
^ith other ingredients, which are added to obtain certain specific 

' ' ■ . % 
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qualities, such as volume and fluidity of the. slag r~ The heat of 
,the arc causes the coating to burn and generate large volimes of 
gases which effectively shield the mo'ltefi metal from the air, preventing 
the fprmation of harmful oxides and nitrides. Good penetration 
is characteristic of this type electrode because of the quick freezing^ 
of tfie weld metal slag, which makes it applicable for vertical and 
overhead work. 

E'-eOlVSLECTEODE^ ,The'E-6011 electrode is designed t9 perform 
the same work using, alternating .current that the E-60,10^eTf orms ^- 
on reverse polarity direct current. It is an- all-positioh rod wit|j 
somewhat more slag than the E-6010. The range of welding current 
in which various sizes of electrodes can be used satisJi^^torily, 
Is narrower than in t^ie case with E-6010, which means tljt th^' welding 
. current^ controls must be set more exactly, 

. ^ E^6022 ELECTRODE. .The E-6012 electrode is for use with direct, 
.cu^reat-e^raight ^olari^^ but works very well on alternating curtent', 
• -a$ iis 'the cise with most straight polarity electrodes. Penetration 
is not deep, consequently, the E~6012 has many advantages- on jobs 
where the it-up" is^ poor and on light gage material becaxise there 
is less tendency to burn through thjan with ^he E-6010 qr E-6011. - 
The E-6012 is an all-position electrode which has fast welding speeds ^ 
and gives less spatter than most other typ^s. The bead profile 
is not as-^flat as that of the E-60iO, but is often preferred for 
horizontal 'fillets^-because of the* appearance of the weld. - • 

E-eOlS ELECTRODE. The E-6013 electrode, operating on alternating 
current, is designed to fulfill the same purpose as the E-6012, 
operating on straight polarity direct current. The. coating contains 
a high p^rcen<aae of material for stabilizing and maintaining the 
arc. PenetratlJon is less than that usually obtained with the E- . 
6012 and spatter is low. This electrode proved to be the most successful 
for welding light tubular assemblies and, consequently, was much 
used in aircraft tonstruetidh. It is often used with straight polarity 
direct current, but the original intention x^as to pair, it with -the 
fi-6011 in the same way that the E-6012. iB. paired with the E-6010. 

• ' . ' ' * 

Classification ' • ' . ' ^ 

* * 

Air Force Supply catalogs identify arc welding electrodes by 
military specif ication numbers , rather than AWS classification numbers, 
fhe following information is of importance to Air Force welders 
and can be fouftd in the 34W4 series technical orders. 



CLASS ^ A ELECTRODE, These correspond to the AWS electrodes 
whose last two 'digits are 12 or 13', sum as E-6012 or E-6013. ' 




CLASS B^ELECTRODE. These correspond to the AWS elect^des - 
whose last 'two digits are* 10 or 11. This type of electrod^is used 
with DC reverse polarity except when specif ied -as an AC electrode'. 
Penetration is deep, which is normally pref^re*d for good fit-ups 
and vertical -or oyerhea^ welding. This electrode should not be 
used when heat treatment is required. 
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CLASS C ELECTRODE. These are al3oy steel electrodes to be 
^iised in welding of" chrbme molybdenum and chrome-nickelrmolybdenimi 
steels when heat^&reatment is required. The corresponding AWS electrode 
specification would be E-7020 ^or E-10020. This type of electrode 
is generally used with straiglit polarity, but may also be used "on ^ 
AC current. Only the smaller diameter electrodes ^ 5/64" and 3/32**/ 
are adaptable to all positions. The larger diameter electrodes * 
are generally used for horizontal S^^^ts and flat work where deep 
penetration is not required. > , . 

CLASS D' ELECTRODE* This is a companion rod to the class C electrode 
under the same- specif ication and is used where deeper penetration 
is required.* Its piirpose is for the welding of chrome-molybdenum 
C4135 and 4140) and chromie-nickel-molybdenum (8735 and 8740) steels . 
(with preheat of the parts to 400 degrees to 500 degrees F) . The 
corresponding AWS electrode specification would be E-7030 or E-10030. 
This type of electrode is generally used with reverse polarity, 
but may also be used with AC current. It is an all-position electrode. 

Welding Current ' ^ , ' 

The selection of the proper welding current and voltage depends 
upon the size of the electrode, the thixikness of the plate being 
weirded, and the welder's skill. If flat position welding, higher 
current values and voltage may be used than for vertical and overhead 
welds with an electrode of the same size. Infgeneral, the proper * 
current and voltage settings are obtained from experience and should 
be adjusted to fulfilJL the requirements of the particular welding 
operation. Since several factors affect the current and voltage 
requirements, data published by the manufacturers should be used 
ouly as a .guide . 



Electrode Diameter 



Amperes 
Minimum Maximum 



Standard Electrode^ 
Lengths 



1/16 in 
3/32 in 
1/8 in 
5/32 In 
3/16 in 
1/li^ in 
5/16^ in 
3/8^ in 



ko - 


60 


8 in 


70 - 


90 


11 1/2 in 


■ 110 - 


• 13? 


111 or 18 in 


^1$0 - 


180 


Hi, Or 18 in 


180 - 


• 220 


Hi or 16 in 


250 - 


■ 300 


Hi or 18 in 


300 - 


• li25 


111 or 18 in 


li5o - 


• ^550 


^. Hi or 18 in 




Table 3. Currents Used With Gaseoua and Slag Type Electrodes 
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The mineral-coated type of shielded arc electrode, whlch^ produces 
a slag as a shield, requires higher welding cufrpents tharl the cellulose- 
coated type, which Iproduces-a large volume of gases to shield the 
arc stream. ^TaBtS 3 shbws the current requirements for the mineral- 
coated or slag-forming electrode and the oellulose-coated or gaseous- 
type of electrpde. The welding voltage varies from about 20 volts 
for 'the 3/32 inch electrodes to 50 volts for the 1/4 ^nch heavy- 
coated electrodes of either the gaseous or slag-forming electrodes. 

The shielde4 arc electrode has* replaced the bare and light- r 
^coated electrodes for most welding applications. Thfe factors largely 
' responsible for this have been hi'gher welding s]peed's, better weld 
metal quality, and the ability to introduce certain alloying eldhents 
into the weld metal^ through the heavy-coating on the electrode. 

QUESTIONS 

1. What is the difference between a* DC welder and an AC welder? 



(J 



2. In what technical order is maintenance on arc welding 
mac}>ines found? 

3. What are the five distinct forces responsible for weld 
metal tifansfer? ' • • 

'4. What determines the welding current and voltage'? 

5. What is the difference in the coating on the electrode, 
between reverse and straight polarity? 

6. In electrode coding, what does E-6010 mean? 



7. > In what position can E-6010 be used? 



REFERENCES 



TO 34W4-1-5, Welding Theory and Application . 
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^Metal and NDI Branch 3AZR53jl50 
'Chanute APB, IjLlinois 

^ PREPARE VARIOUS TYPES OP PIPE JOINTS FOR WELDING ^ • ' 

OBJECTIVES 

Af ter '/iompleting this ^study guide, assigned study, and your 
•classroom instruction, you will apply the principles and techni- 
ques .involved in the .jjgeparations of various types of pipe joints 
for welding,, ^ * - 

INTRODUCTION ' -^^ - 

. Preparations of ^ pipq joint for welding is probably the most ♦ 
important 'operatibn involved in pipe welding. A part that has not 
been properly aligned, or cleaned prior to welding may ^ail under * 
severe operating conditions, , * ^ ^ 

INFORMATK)N ^ , • 

Edg^S' or surfaces of parts to be joined" by welding may be prepared 
by machinlqg, .shearing, flame cutting, or other suitable means. 
Regardless of which method is used, the^resulting joint must mee£ 
the required , geometry, and*must provide a sound, bright, metal surface. 
It is desirable to control the geometry of the joint to minimize 
any notch^ condition thatvmight, lead to concentration of stress." 
Sharp confers, or sudden changes in size or contour are to be' avoided* 

All met^al that is to be tused during welding must be absolutely 
'clean. This is a basic requirement to obtain sound weld metal within' 
the weld deposit. Cleaning is imperative to edges that have been 
prepared for weldirig, to electrodes, and to surrounding equipm'ent,* 
such as welding benches, jigs, andholddown devices. Cleanliness 
also is a, requisite to flux, coating remaining on weld metal or base 
metai upo^ which subsequent weld metal is to be deposited.. 

Pipe'^^to be welded is usually supplied with a V bevel having 
an angle ofi. 37-1/2 + 2-1/2 dejrees with a 1/16 +1/32 inch root 
face land, at the bottom of the edge to be welded, as shown in 
figure' 16. Pipe saddle jofnts should be beveled in the same manner 
as butt wel,d^\ 

In the' evfent that operating personnel have a doubt as to the 
nature'of . tha ipint or its*preparation, the project engineer must 
be consulted before proceeding with any further preparation orVelding 
of the *joirit d3;> -question. 



3/32" ±1/32* 





HORIZONTAL PIPE AXIS 



Wel^^nt With Poot Opening ^ 
Borizdntal Attitude. 



CUTTING OF PIPE 



Cutting pipe is necessary when the pipe tinist be of a specific 
length requirement, ^To ensure a leakproo'f welded joint, the pipe 
must b.e -put in a ,true circle with a plane perpendicular to the centerline 
of the pipe. A straight edge or roundabout- made a strip of heavy 
paper, cardboard, leather belting, or .gasket material may be used * ^ 
to aid in layout. The strip is made longer than the circumference 
of the pipe to Ije gelded-. The sheet material or roundabout is wrapped 
around the pipe, as shown in figure 17, and the line of the cut ^ 
marked w|th a-soap^one pencil. The cut is beveled witb a hand 
cutting torch along the line, as shown in figure 18, and 'the cut 
(l^he^cked with a carpenter ^s^ square. ' ^ ^ 
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Figzire 17. ^ Use of RoundcSout or Paper 
to' Make True Circle.' 



\ 




I D.I 



FiniNG UP AND TACK WELDING 



Joints which require a root obeniug must nave a separation- 
between lands or welding edges of 3/32 + 1/32 inch for the full ^ 
length of the joint, as shown in ^gure 15. The ends of the pipe 
are aligned accurately. In no case will the welding edges at the 
joint be offset from each other in excess of 1/16 inch,, or 1/5 of 
the wall thickness of the' lighter materiA whichever, is less. 




Fyffupe 19 » Pipe Lineup Clamp wyi Spaoing TopU 
^ t 

^ All parts to be joined by welding are. securely iield in correct 
position by jigs, clamps, clips, or other suitable devices, as shown 
in figure 19, or by tack welds, as shown in figures 20 and 21. Holding 
devices must be adequate to maintain alignment of all parts throughout 
the entiije; welding operation. Tack welds must be of the s§6e quality 
and made by the same pj;ocedure as the completed weld. 



TACK WEliD 



ANGLE 
IRON 




SUPPORT BLOCK 



Figure 20, Angle Iron Serving as Jig 
for Small. Diameter Pipe. 
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\lTACK 
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ROLLERS 



Figiwe 21. Diagram of Tack Welded ' • - 

Piye on Rolleva. 

;The orientation of Veld "^joints with respect to horizontal and ^' 
►vertical planes of reference must be-in accordance with that illustrated 
in figure 12. ' ^ ' 



( 





PIPE AXIS 



VERTICAL PIPE AXIS 



^ Figure 2?. Position of Pipe ppr Fixed 
Position Welding^ 

FIXED POSITION WELDING 

Welding must be accomplished without pipe rotation, so that 
weld metal is deposited in the overhead, yertical, flet, and horizontal 
fixed position. / . . 

Welding must be started at the bottom of the joint and must 
progress upward to the top of the joint. ^ Under no conditions will 
welding T>e performed in the reverse order ♦ 
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QUESTIONS 

1. -What is the anglfe ussd when making a V bevel on pipe? 

♦ 

2. What is the purpose of tafik welding a pipe joint prior 
to welding? 

■references 

TO 3'4W4-l-5, Welding Theory and Application , 
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OBJECTIVES 



METALLIC ARC^DING OF4CARBON STEEL PIPE JOINTS 



After completing ttiis study, guide, assigned study, .and your 
classroom instruction, you will^appfly the* fundamental principles 
and techniques for welding carbon steel butt, angle, and tee pipe 
joints in/the fix6d vertical,* l)ori2ontal,- and overHead positions. 

INTRODUqTION , * / 



Although the overhead positioriJLn welding is considered by 
some to be/the most diiEficult, it^does not have to be any more difficult 
than any other position. In the case of overhead pipe welding, 
only about one-third of the weld bead is actually "made in the overhead 
position. The other two- thirds is equally divided between the vertical 
and flat welding position. * ^ 



INFORMATION 



/ 



In the erection of structures .or equipment and especially in 
repair work, it is often necessary to weld in the overhead position. 
Fortunately, there are forces present- in the electric a:rc * sufficiently 
powerful to overcome the force pf gravity and make? it possible to 
deposit metal overhead. One of the most effective. of these forces 
is the propelling ppwer of the gases formed by the combustion of 
the coating. Dues, to the heat of the arc, these gases are expanding 
at a tremendous rate. , 

OVERHEAD POSIllON WELDING 

The overhead positibri of welding is defined as one in which 
filler metal is deposited from the^^underside of the joint and the 
face of the weld Is approximately horizontal. 



i^H^lto flB^^n ^^^^^n ^^^DOI ^^^^^K 

1\ 7i\ (Rl M TT 







Figure 23. Theory of -Overhead Arc Deposits. 
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The transfer of metal iti- overhead arc welding is 'accomplished 
in different ways depending on arc. lengths. An overhead .deposit 
'made while holding a long arc will be relatively^ small and due only 

* to cofidensation of vaporized metal. In the case' of the short arc, 
there is a globular growth until contact^ made with the liquified 
plate, figure 23 i or surface of the deposit, thUs the forces of 
adhesion and surface'lzension at the plate overcome the combined 
forces of gravitation, cohesion and surface tension acting to hold 
the globule to the electrode surface. 

It is evident that the force of adhesion and surface tension^ 
of the plate, combined with the force oi the gases produced by the 
' coated electrode, must overcome the forces of gravitation, cohesion, 
^d surface tensioi^ at the end of the electrode. These ^forces acting 
against the depositing of molten metal may b^ overcome by using 
a small diameter electrode and holding a somewhat shorter arc l^g^h. 
Also helpful, is heating 'of the overhead joint locally to start 
an effective metal deposit. This can^be accomplished by holding 
a long arc length at*the start of the weld. It is often desirable, 
especially on heavy plate, to bum 2 to 3 inches of electrode in 
heating the joint. 

Electrodes, Polarity, and Current Settings 

' In metallic arc welding, only th^se electrodes designed^ for 
overhead welding should be used. Welding with large diameter electrodes 
is difficult. The 3/16 inch d^ametSr electrode is considered the 
maximum practical size used for welding overhead. The amount of 
welding current should be carefully adjusted in' order that a short 
arc length can be held. Usually only a slight movement of the electrode 
is necessary iJl^other factors, such as a current adjustment and 
electrode angle, *are correct. ^ 

When using a DC arc welding machine, reverse polarity (electrode 
positive) is used. Since the greater amount of heat *is at the positive 
terminal of the welding circuit, penetration is more easily obtained. 
This serves as an aid in a position in which penetration is otherwise 
difficult to obtain. ^ 

, ' / 
The selection of the proper' welding current depends upon the 
size of the electrode, the thickness of the plate being welded, 
the position of welding, and the welder^s skill. In overhead position 
welding, lower current values must be used thap for fiat welding * 
with an electrode of the same size. In general, the proper current 
settings are obtained from experience and should be adjusted to 

• fulfill the requirements of the particular welding operation. Since 
several factors affect the current requirements, data published 

by manufacturers should be ubed only as a guide. 
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Overhead Posif^on 




Fjp bead welding, the electrode should be held at an angle 
of aiTdegreed to the base metal, as illustrated in A, figure 24, 
-or may be tilted approximately IS degrees in the direction of welding 
shown in b; figure 24. This will^provide a better view of the arc 
and crat;er of the weld, ' / * ^ 



Overtiead Position 




Figure 24, Bead Welding in Overhead Position, 

Weave beads can be made in the overhead position by using the 
motion illustrated in '-figure' 25, A rather rapid motion is necessary 
at 'the end of^ each semicircular weave in order to control the taolten 
metal deposit, Exce^si^^e weaving should be avoided because this 
will cause overheating of the weld deposit and the formation of a 
large pool, which will be hard to control. 




Figure 25, Position of Electrode and 
Weave Motion^in Overhead Position, 



Butt Joint . ^ ' • ^ , ' 

The plates should be prepared for butt welddng in the overhead . 
position in the" same planner as that required in the flat position 
and the most satisfactory results are obtained if^ backup strips < 
axe used,'. If the plates are beveled with a featherlike ridg<^ and 
no backup strips is' used,' the wejd will tend to burn through i^peatedly 
unless extreme care, is taken by the operator, - y'vo ' 



1 1 5" 



Fpr overhead butt welding, beads rather than weave welds are 
preferred. - Each bead should pe cleaned and the rough areas chippfed 
out before the following pass is deposited,. 




Figure 26. Welding Butt Joint in 
Overhead Position. 



The positions of the electrode and the order to be followed 
in depositing beads on 1/4 and 1/2 inch plates are shown in figures 
26 and 27. ' ^ 



1/ 




Figure 2?. Multipass Butt Joint in the Overhead Position.^ 

The first pass should be made 'with the electrode held at 90 
degrees to the plate, al shown in figure 28. 
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Figicpe 28. Position of Fivet Pass for ^ 
^ Overhead Welding. 



VERTICAL POSITION PIPE WELDING 

Welding in the vertical, position is much more 
welding in th^ flat position. The force of gravity 
globules passing across the arc to the molten pool 
them from the crater so that the operator is forced 
arc and to manipulate the electrode in order to con 
of the molten pool, -A force which is probably the 
propelling tHe globule^ across the arc is that exer 
from 'the electrode coating. This gas expands at a 
the metal across the gap. 



difficult than * 
acting on the 
tends to deflect 
to hold a short 
trol the size 
strongest in * 
ted by gas produced 
rapid rate forcing 



^ The electrodes used for vertical welding have lighter coatings 
than the type used only for the flat position. They are so designed 
that the weld metal and slag solidify quickly. Electrodes of this 
type require the use of reverse polarity. Since the greater amount 
of heat is at the positive side of the welding circuit (the tip 
of the electrode) .penetration is more easily secure'd with reverse ^ 
polarity. This serves as an aidin a position in which" penetration 
^is otherwise more difficult to obtain. They are classified under 
American* Welding Society specifications as AWS E-6010 and in AF 
supply catalogs as class B electrodes. 

# 

When using coated* electrodes in the vertical position, it is 
necessary to use smaller electrodes at lower current settings (as 
compared to flat position welding). This serves as an aid in maintaining 
a small pool of molten metal, thus permitting surface tension to 
overcome the f^rce of gravity* The current settings recommended 
by the el'ectrode manufacturer may serve as. a guicfe in making initial 
settings .for a gi^veh electrod^size,^ 

Joint^ Preparation and Wei d^ecifi cations 

The preparation of the joint for welding in the vertical position 
is the same as required for welding in tfie flat position,- Also, 
weld specifications are the same for vertical and flat: welds* - It * 

,may, however, be* necessary in vertical welding to make a number 
of passes for a joint which would requirelonly one pass in the flat 

' position. 2 
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hntques of Vertfcal Welding Beads on Steel Plate 



The. correct position^^and manipulation of the electrode for 
'welding' upward in the vertical position is shown inJEigure 29. The 
electrode is held perpendicular to the plates laterally, but inclined 
down about 5 degrees from the horizontal plane, so'lthe tip of the 
eJectrode' points^ slightly upward and away from the crater. 





.iftPPROXIMATE ELECTRODE ANGLE 
AFTER ..WELD IS STARTED / 



-ELECTRODE ANGLE AT 

•SHELF 



" Figure 29. Technique for Welding Upward in the Verti^aal Position, 

Th6 weld is started by directing the end of the electrode down 
as* shown in figure 29. This permits the deposited metal to form 
ai»shield; after -building of the shield; the angle'^of the electrode 
is then changed with the end directed^ upward as prev^-ously stated. 
Afe^the weld progresses *the tip of the electrode is momentarily moved 
upvfard ahead of the pool of molten metal long enough to permit the 
deposit to solidify. Thfs is repeated along the line of the weld 
to the top of the plate. 

A somewhat shorter arc length is required in order to control 
^the size o^f the molten pool. The arc is never' broken throughout 
the movement of. the electrodeV the end is merely move^Tfrom the . 
•crater just long enough to penret the deposited metal to solidify 
and form a shelf upon which additional metal is deposited. Since 
some operators will Vork faster and^ use higher current values than 
others, the timing of this movement will vary, depending upon tshe 
individual. Actually; effective disposition of metal should take 
place only during the time in whigh the electrode is in position 
at- the downward end of the movement. y 
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To obtain welds vhlch are wider thai welds produced by the 
above technique, a slight weaving motipn^of the electrode Is used. 
A slightly larger dlapeter electrode with higher welding current 
aids in producing larger welds; however, J3/16 -inch diameter electrode 
is considered the maximum practical size for vertical welding. 




t 



DIRECTION 
OF WELOIWG 




Tigyre 30. Vertical Weave Beadj Welding Up. 



Ah example of a typical weave when welding in the vertical 
position is shown^ in figure 30. The electrode is moved in d slight 
'side-to-side movement iri the crater during. the disposition of weld 
metals, followed by a movement of the electrode upward momentarily 
to allow the deposited metals to solidify. This procedure' will 
ell&fnate a highly croroed head which may result when the ^weaving 
mqtion is not used. When large maximum strength welds arC required, 
• a series of stringer beads are deposited. ^ 

' PIPE WELDING TECHNIQUES ' ' 

' The actual welding process is similar to gelding flat plates. 
In the vertical position, the pipe is positioned as shown in figure 
31, and the weld progresses completely around the pipe,. Welding 
should be accomplished without pipe rotation. 
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Figure 21* Vertical Positioning* ^ , 

f 

Welding in the overhead position is defined as the position 
in which filler metal is deposited from the underside of the joint. 
In pipe welding, this is the most difficult of all wlding positions. 
It should be accomplished without pipe rotation and in the position 
shown in figure 32. The. weld metal is- deposited from the overhead, 
vertical, flat, and horizontal positions.. The weld should be started 
at the bottom of the joint and progress upward to the top oj the 
joint. Under no conditions will welding be performed in the reverse 
order. ' . ' 




HORIZONTAL 
PIPE AXIS 



Figure S2* 
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When welding carbon ^eel pipe joints, tUe same principles 
ah4 prattices tised for flit plate welding are employed. The pipe 
jpint fliaV be preheated by using- a long arc, but actual -transfer* 
of metal should be accomplished with a short arc. The E-6010 electrode 
should be us^d^ UC reverse^ polarity employed ^ and current adjusted 
' to",suit indivi'4ua3r welding' characteristics. '^^ ' 

QUESTIONS . • i ' 

1 » • • 

{1. -Define the gverhn^ welding position. ^ 
, 2^ ^^ck-yx^ Sips ^ed^in ovexhead welding? 
; 3.^--Why do you use smaller* electrodes whfen welding vertically? 
' '4. In what '-direction is pipe weldirig performed? 
. REFERENCES \ 7' 

^TO 34W4-l-^5, Welding Theory and Application . 
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WtRT GAS SHIELDED ARC WELDING OF STAINLESS 
STEEL PIPE vJOINTS 



...OBJECTIVES 



. After completing this study guide and your classroom instructions, 
you will apply the f uncfamentals principles,' and techniques of welding 
stainless , steel ^pipe in the fixed vertical, horizontal, and overhead 
positions for' the butt, angle, and tee joints. 

JNTRODUCTION 

, Inert-gas shielded welding is a welding process which uses 
ran "inert- gaa-to ]protect the 'weld zone from atmospheric oxidation 
which would (^ntaminate the weld* It produces welds that are stronger, 
more ductile, and' more corrosion resistant than welds made with 
ordinary metallic, arc welding. The protective shield that envelops 
the weld* enables the joints to be fabricated without the use of 
"flux, thus eliminating the corrosion due to flux entrapme:;it , and 
also expensive postwelding operations. The entire welding operation 
takes place without spatter, sparks, or -.fumes. 

INFORMATION 

There are many inert *gas shielded welding processes. The process 
that you are going to become familiar with, is tungsten inert-gas 
(TIG\, -figure 33. Tungsten infert-gas uses a nonconsumable electrode, _ . 
as compared to metallic inert-gas (MIG) , figure 34. • 
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Figure S3,. Inert-Gas Shielded Proaea 8 (Nonaonsmable Electrode) TIG. 
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• Figure 34. Inei/^Gaa Shielded Process (Consvmable Electrode) MIG. J 

The tungsten inert-gas shielded welding process is especially 
adapted for welding light gage work requiring the highest quality 
and/or finish because of the exceptional concentration of' heat, precise 
heat control, and the ability to weld with or without filler metal. 
It is one of the few processes which permits the rapid welding of 
tin or light-walled objects. 

An arc from the electrode in the atmosphere of inert gaSlffcvides 
an intense source of heat which is very clean and operates very ' 
quietly. The inert gases provide an almost ideal shielding cover 
in which to melt most metals for welding, refining, or casting. 
Because. of this, the inert gas process is generally adapted for 
welding a wide range of materials* * 

f * 

Most metals or alloys-- which do not vaporize under ^e heat 
of the arc, and which solidify without cracking, can be welded. 
Some of the metals that can he satisfactorily welded by this method 
are most grades of carbon alloy and stainless steels aluminum, and 
most of its alloys, magnesium and most of its .alloys, copper, copper- 
nickel, phosphor bronze, tin bronzes of various types, brasses, 
sOicIcel, ,monelj -iconel, high temperature alloys, titahium, zirconium 
gold, and silver, 

TIG WELDING 



The Jbasic requirements for .inert«-^as shielding arc welding 
consists, of a power xinit, gas shielded welding torch, shielding 
gases, auxiliary equipment, and protective Welding equipment* 

Power Source \ 



The welding current may be supplied through either a welding 
generator, DC rectifier, or an AC transformer. Figure 35 illustrates 
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a 8t;andard TIG welder* ^ It is important that the unit have good 
current control at* the lowef* end of the current range. Standard 

r DC welding machines are etaployed and selected on the basis of the 
current- output' and the range necessary to meet the requirements 
of the work. Superimposed high frequency is used in some machines 

- to permit starting the arcs^thout the electrode contacting the' 
work. 




V 



Figure 55. TIG Welder. 

Torch 

There are several types "and models of gas»shielded welding 
torches being used today. The operation and design are basically 
the same with the exception of the manner in which they are cooled. 
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TORCH = 
HANDEL 




-CJ^BLE ADAPTOR ., ASSEMBLY-. 

Figure 36. Air CooZed,^Gaa Shielded Arc Welding Tordh. 

The air-cooled torch, figure 36, is desired 'for mantial welding- 
of thin gage materials atxd is. excellent for 'weld repairing thin sections 
of jet engine parts • This torch can be used for welding with high 
frequency stabilize4 alternating current or straight polarity direct 
current, depending on the job requirements. It can perform continuously 
on AC or DC current up to 100 amps. - \^ 
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Figure 37. Wam^Caoledj Ineri^GaB Shielded ^Aro Welding Torek. 



The.water-<;ooled torch, figure 37, is "designed to operate at 
higher cufrent ratings above 100 ^peres and up to 300 amperes current 
capacity^ Wat^r dooXing.of the torch and power cable for inert- 
. gas shielded welding makes' possible the use of lightweight parts 
capable of carrying the rated current without danger; o^f overheating. 
The power .cable is located in the water discharge line hose. Water 
requirements are from on^ to two pints pei^mlnute. A special fuse 
of about 45 amps is ins tailed/ in the power lead line to the torch 
to protect the^ equipment from overheating in case of water stoppage* 
-The torch-^head- basically consist^ of three parts: the collet, or 
electrode holder, the gas shielding cup, and the tungsten electrode. 
The shielding gas enters through d plastic hose fitted to the rear 
of the torch handle, passes through 'the body, and emerged from the 
gas orifices in the .torch head. . It is then ^ided down toward the 
weld or molteil podl by the gas shielding cup that surrounds the 
electrode. . \ , , * 62 * 



^ The tungsten electrode is held firmly in place by a replaceable 
eletrode holder (collet) that screws into the torch head. The threaded 
end that screws into the torch head is split into four patts* When 
the electrode holder is tightened, a clamping action takes place / 
on the electrode and holds it firmly in^place* The holders are 
made in various sizes and hold electrodes from .020 to 1/4 inch 
in diameter and from 3 to i:^ inches long* 4 . . 



Gas shielding cups are made from plastic, metal, and ceramic' 
tile,. They are made in various sizes and the size selected depends 
on the size of the electrode to be used. The cup .number indicates 
the diameter of the cup in 1/16 of an inch. Continued xise of the 
torch at high amperage tends to deteriorate "the shielding gas cup. 
For this reason, metal water-cooled cups ^re used with currents 
above 100 amps. 

Hose 

» • 

Rubber or plastic hose is used to circulate water for cooling 
the torch and power cable lead. The bare, flexible lead cable is 
enclosed in the water outlet hose. A separated hos^ is used for 
the water inlet and another fpr feeding the shielded gas to the 
torch. In case of water stoppage, welding must be stopped to prevent 
damage to the welding equipment. 

Water stoppage may r^^lt from an accumulation of dirt in the 
small passages of the torch. This condition can usually be corrected , 
by disconnecting the witer lines and momentarily reversing the flow 
of water. Three possible causes of leakage in water lines are an 
excessive high water pressure, mistreatment of equipment, and improperly 
sealed hose connection. If leaking occurs in the torch handle, . 
soldered repairs may be necessary. When the hose is damaged near 
a connection, ^it is only necessary to cut away the broken section 
and reinstall it to the fiyfcing. Rubber cement or a hose clamp may 
be used for securing a leaKproof joint. When repairing the water 
outlet hose, it is necessary to remove an equal length of electrical 
cable. 

\ • 

' ' The argon or helium hose must 1^ gastigtit. If the .molten pool 
becomes cloudy or the tungsten electrode turfe a blue while cooling; 
it is an indication of ' a leak in the' hose or hose connections.' If, 
for any reason, the plastic hose is subjected to temperatures above 
125 degrees, 'it becomes soft and loses its strength. It should 
be protected carefully and not allowed to come in contact with hot 
metal. Hose that, has been. burned or broken should be replaced because, 
it cannot be effectively repaired. Leaks cause the shielding gas 
to become diluted wit;h air and causes- contamination of the molten 
pool and the adjacent metal. 

Tungsten E^lectrodes f / 

Four types of tungsten electrodes are used for gas shielded 
welding.' They ar^e^^ercially .pure tungsten, 1% thoriated tungsten, 
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2% thoriated tungsten, and jtungsten containing .3 to ,5 percent 

zirconium. The thoriated tungsten electrodes are s.uperior to pure ^ 

tungsten electrodes because of their higher electron flow-, better 

arc starting and stability, high current- carrying, capacity, and ^? 

higttfir ^resistance to contamination. The tungstfo electrodes contaiii^pg 

zirconiivn have been refined and impro'vect to mak'e them better than 

the thoriated tungsten electrodes but 'are considered to be too eicpensive 

for normal Air Force use. ^ 

* ^ • 

The tungsten electrodes are color coded for easier selection.' 

Pui^e tungsten has a green end, 1% thoriated has a yetl'ow end, 2% 

thoriated has^ red end, and the zirconium tungsten has a brown 

end.. , - ' 

f 

Tungsten electrodes are practically nonconsumable, but when 
the electrode unintentionally touches the molten pool, a small ball 
forms on the end, wt^Lch may cause an erratic arc. This metal pickup 
should be removed by grinding or brealcing it off with a pair of 
pliers. Electrode loss due to oxidatiofi can be prevented by leaving 
the gas on a short time after the arc is broken, allowing it to 
cool in the protective atmosphere of the shielding gas, Tmgsten 
electrodes are available* ia diameters of .020 to 1/4 inch andtin 
lengths of 3 to 12 inches. The .diameter of the electrode to be 
used depends upon the current setting used in welding. 

Foot Contror"^ 

The foot control is a foot-operated rheostat which is installed 
in ^the field circuit of the welding machine to change the arc for 
varying thicknesses of metal. This provides a convenient method 
of making slight changes in current settings during welding. This 
control ei>ables you to start and stop ttie machine, and provides 
a convenient method of making current^ settings during welding. Another 
advantage ia that the control shuts of& the Velding and at the same 
time allows the gas to flow, which prote^cts the, weld during cooling, 
and helps to control crater cracking. 
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Figure 38. Argon Regulator FloJmeter, 
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"A combination regulator-f loxmeter, figure 38, has been developed . 
to control the flow of .shielding gases.- It steps down the high 
pressure- in the cylinder" or' inanif old to lower working pressures. 
The gas flow to the apparatus. is indicated on a flowmeter tube. 
In operations in which, the gas consumption is high, a central cylinder 
manifold system can be installed and the ga^ piped to the various 
welding' stations. The flowmeter is equipped with a manual throttle 
valve for gas flow adjustment so the welder can set the gas flow 
required. The flowmeter tube is calibrated at a positive pressure 
which normally exceeds any back-pressure produced by the equipment. 
This makes a true reading of the gas pressure possible* 

For economic reasons and for ease in handling, both manual 
and mechanical shutoff valves are made available in the power unit. 
Electric solenoid valves are installed in the unit, allowing the 
flow of shielding gas and water to be turned on automatically when 
the foot control is used. These valv.es are designed in such a manner 
that they can be timed to allow the gas and water to flow before 
the arc is struck. When the foot control is used to stop the arc, 
the gas and water continue to flow for a specified time. The flowing 
of gas and water after* the arc is stopped permits cooling of the 
electrode and molten pool, protecting them from atmospheric contamination. 

Welding Current 

DIRECT CURRENT. The welding circuit may be connected as either 
straight or reverse polarity. The choice of polarity ' depends upon 
the type of metal to be welded. 

In direct current straight polarity (DCSP) welding, the electrode 
is negative and the work .ds positive, as shown in figure 39A, Iti 
straight polarity welding, -fhe electrons strike the plate at high 
velocity, producing a concentration of heat effedt upon the plate. 
The heat not only influences the welding action, but the shape of 
the weld also. DCSP produces a deep, narrow weld, as shown ir\ figure 
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Figure 39, Welding Current, 
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Direct current reverse polarity (DCRP) welding, the electrode 
is positive and the wprk is negative, as shown in Jcigure 40A. In 
reverse polarity welding, the electrons are flowing from the plate 
to the el^ectrode. This requires the use of large diameter electrodes 
to absorb the extra heat generated and helps to prevent the electrode 
from burning off.. DCRP produces a wide,' shallow weld, as shown 
in figure 40B. For any given welding current, DCRP requires a- larger 
diameter electrode than bCSP^ ' , • 
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Figure 40, Direct Current - Reverse Polarity, 

ALTERNATING CURRENT. Alternating current (AC) welding is 'a 
combination of DCSP and DCRP welding current. One-half of each 
complete cycle is DCSP and the oti^er half is DCRP , as shown in figure^ 
41. Foreign matter, such as moisture, oxides, or scale, on the 
surface of the plate, tends to prevent the f^ow of current in the «> 
reverse polarity direction. If no current flows in the reverse 
direction., rectification is .taking place and the current wave would 
look like figure 42. To prevent this from occurring, it is common 
practice to superimpose high voltage, high frec^uency additional 
current on the standard welding current. When high frequency is 
superimposed ^ upon AC welding current, a continual flow <^f electrons 
is jumping the gap between the electrode and the work piece, piercing 
the oxide film and forming a path for the welding curr'ent to follow • 
Some advantages that are obj&ained from using high frequency, current 
are starting the arc without touching the electrode to the work 
piece, better arc starting and sta^>ility, a longeru^arc' is possible, 
welding electrodes have a longer life, and wider current rdnges ' 
can be used. A typical weld contour produced, with high frequency 
stabilized AC is shown in figure 43, with DCSP^ and DCRP welds 'for 
comparison. 
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Figia^ 41. AC ifcdoe. 
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TWO COMPLETE CYCLES OF AC WITH 
RP COMPLETELY RECTIFIED 



FigKre 42. Rectified AC Wave. 
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Figure 43. Comparison of 
Weld Contours. ^ 



Although there are several inert gases which may be used for 
gas shielded welding, argon and helium are the two- most commonly 
used. The pain reasons for this is the complete yhemical inertness . 
and insolubility in molten metals; electrical characteristics that 
are favorable to smooth, quiet arc action, and efficient metal transfer 
at high current density. Whether argon or helium is used* for the- 
sh.ieiding gas depehds on the distinctive characteristics required 
to produce the dea/red results. Argon is used in most cases, but 
helium is used wnen more heat per ampere of welding current is needed. 
This char ihteri^ tic of helium becomes 'a disadvantage when, welding ' 
very light gages of metal/ 1/32 inth or*desa. ^ 

* . . ' ' ■ 
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The term "inert-gas'' sugg'estS' a chemically inactive gas, one ' ' 

which' will not 'combine with any othet element. The two gases produce 
different effects upon the materials to be welded due to arc. voltage, 
argon ^producing a narrow bead' with- deep center penetration^ while 
helium produces a wide bead with comparatively shallow penetration. 
These differences often mak€ one or^'the other of the two gases, 
or a mixture of the two, preferable for specific applications^ 

Many other types of gases and gas mixtures have Ijeen tested, ' 

btir ail have some aetlclency wnich prevented them trom being used, 

such as causing rapid deterioration of the electrode, porosity in 

welds, and arc instabifityt ^ Some hav^ been found quite useful for 

specific purposes, such as,nitrogen, which is used as a shielding 

gas for welding copper. 'Also, mixtures of argon, helium, and hydrogen 

haye been used in welding stainless 3teel and some nickel-bearing 

alloys, su'ch as monel. Both gases are plentiful, but due to the ' ' 

difference in weight, three times a& much helium is, required for^ 

shielding as argon,. 

ARGON. Argon is a colorless, odorless, noritoxic, and nonflammable 
inert-gas, which is somewhat heavier than air,- It ^is aupplied in 
cylinders similar in size and shape to oxygen cylinders, carrying 
pressure between 2oOO and 2500 pounds per square inch. The cylinder 
may be identified by the distinctive color markings of gray with 
a white band painted horizontally around the cylinder. The cylinder 
is considered empty when the pressure is reduced to 40 pounds per 
square inch and should be replaced with a full cylinder. 

Gas purity may have considerable bearing on welding, depe^^ng 
upon the extent to which materials are affected by impurities, st^aiii-V 
less steel, as a rule, is not significantly affected by small percentages 
of Impurity in the shieldinf gas^ Nonferrous metals, such as aluminum 
and magnesium, are relatively ''sens it ive to impurities and are^rb^st 
V^ded with high-purity gas. The argon and helium gases which are 
commercially available -from most sources are of high purity and 
average well over 99.95% pure. 

Argon is generally used for all alternating current welding 
applications, such as welding aluminum, magnesium, or copper. The 
^arc is relatively hard to stafct in hel^ym ga^s* shielding when very 
low welding current is used. This dilBfew is not encountered 
with argon and' the low arc vpltage cha|BH|^^c is particularly ^ 
helpful in the welding of thin material ^^^H^ the tendency toward 
burn-through is reduced. ♦^BC' 

HELIUM. Helium is a colorless, odorless, nontoxic, and tasteless 
inert-gas. It is also much lighter than air being the second lightest 
of all gases, . Helium, is nonflammable and is placed under pressure 
-in cylinders, like argon, w'tth 2000 to '25000 pounds per square Inch, 
The cylinders may be identified by the distinctive color markings A 
of gray with a buff top (light brown) , The cylinder is considered U 
.empty when the pressure is reduced to 25 pounds per square inch ^ A • 
and should be replaced' with a full cylinder. * \\ 
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Helium ±s ujed mainly with dir^ current welding machines,"^ • * 
using DCSP, this shielding gas is used to weld magnesium usi^ 
DCRP.. High arc voltage and current settings are desirable for welding 
thick metallic materials which' haye high heat conductivity. 

O 

* WELDABILITY OF STAINLESS STEELS * 
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Stainless steels^ are probably the most easily welded of all 
metals by the "gas shielded process/ They are generally welded with 
direct current sfraight polar it*y, using ai;gon as the shielding gas. 
These factpy^| |^'^j^ff aximupi heat input, resulting in deep penetration 
and fast wel^ij|feeds. ^^l,s technique minimizes carbide precipitation 
in nonstabiiizeff^tainlesff^t 
thin sections. 



rtainlesff^teel and helps reduce distortion on 



Carbide precipitation is an important factor to consider in 
welding stainless^steel. When the metal is kept al: an elevated 
temperature for any length of time, the carbon combines with chromium 
and f^s chromium carbide. In the. region of ;:hifi carbide formation, 
a loss of corrosion resistance results and the tensile strength 
and ductility ar^^reduhed. This usuaiiy occurs near the fusion ' 
^line in the welding of . ^tainlessr' steel. The effect can be reduced 
to a minimum by confining the arQ^or heat to as small an area as . 
possible. This means tjiat.be^'t 'results are obtained by the use of 
smaller electrodes, higher amperages , an4 faster weld.ing speeds, 
, Inert-ga's shielded welding is very adaptable in this respect as , ^ 

tAe tungsten electrode has a very high melting point,' allowing the* 
^JSMse^f high amperages w^h smaller 'diameter electrodes. This permits 
higher welding speed^^a narrow heat affected zone, and more rapid- ^ 

ke coefficient of expansiori for stainless steel is approximately 
60% greater ^than for carbon steels, an4 special^ precautions are" 
a necessity. To resist the tendency to wa^ during welding, joint 
edges- tnl&t be cbrrettly aligned and properiy spaced. Tack welds 
must be closely spaced in accordanceryi^th metal thickness. Thin 
gage metals offer less resistance in wi^age r^hen heat is applied 
and must, therefore, be t^cmwelded' ' at^Vloser intervals, than heavy 
gage met^s. & ' 

^ ^ WELDING STAINLESS STEEL PIPE; ^ 
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[hecorjgifli^on resistant pipe welding represents a^very large 
portionoi^-^e .welding being performed.. "There are coiintdess applications 
where the techniques of iffodern pipe welding may be successful ^a^d. 
profitably employed , ^ ^Heli-arc pipe welding is a recent advance ' \. • 
in the j^»ing,of corrosion resistant' metal. -High qua4rity welds ^ 
wi^ uni^cm penetration may be readily made at a lower cost 'th^A 
Velds made with* either oxyacetylene or covereoT'eT^trode weldi 
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Corros^ion j^e^istant steels , 'such as stainless steels^ave come 



into their preseNj,t wide use mainly because of one characteristic 
they hive in common; they are all resistant to corrosion and oxidation. 
This corrosion resistant property is due to^ a chromium ^r6h tent in ^ 
amounts of over 10 percent. Other elements added to impart, certain 
desirable properties are nickel, manganese, columblum, .ti'S^ium, 
molybdenum, silicon, and carbonT" . ^ ^ 

Bun JoiiTrs ' ^ 

The most common type of joint used in the fabrication of welded 
pipe systems is --the butt joint* It is the most satisfactory from 
the standpoint-of stress distribution. * 

4 > 
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Figure 44. TyipicaV ^eld Dimensions of 
a Standard Joint With Joint ^^padng. 



Butt joints should be reinforced with weld metal in excess 
of the nef^throat dimension by at least 1/1^ inch. The reinforcement 
shouXd be so built-up that there is a gradual increase in thickness 
from' edge to center. Excessive reinforcement should be avoided, . 
as it may introduce uncfesirable stress concentration. Figure 44* 
' shows typical weld dimensions of a butt Joint. 

Reinforcement of butt welds shall be not less than 1/16 inch, 
nor more than* 3/32 inch above the surface of the base material. , 
Reinforcement shall be bViilt up uniformly from the surface of the 
bace material to a maximiin at the ceijter of the weld, and shall 
bl^nd^moothly and feraduaULly with the base material. Finished weld 
contours shall be uniform\and free from depressions below the surface 
• of the base material. . ^'^---^JN ' 

\ Butt weld^ sh^ll have a finished bead width approximately 1/16 

'ch on each side of the bead. Under no conditions are wide welds 
"to be'liced to cover poor fit-up. , ' ' . 

Joint Designs . • ' * . * 

» 

Five joint designs have been developed for pipe welding using 
heli-ar'c process and are illustrated in figures 45 through 49. 

. r ■• ■ • • ' 
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These joints are satisfactory for rolled pipe, as weUL as pipe in 
the fixed' vertical positions. All pipe with a wall thickness greater 
than approximately 1/8 inch should be beveled for heli-arc welHtig*^ 
Itf must be beveled if filler ro4 is used* 

.STMDARD VEE JOINT. The vee groove joint illustrated in figure 
45 has been widely accepted as a standard joint design for pipe 
welding; The standard vee joint may be butted together and welded 
without filler ^od on the root pass, .However, for higher quality 
welds, filler rod^i^is required*^ ' ' 
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yigiire 45. 



Stmd^d Vee Joint. 



SHARP VEE JOINT, the vee joint illustrated in figure 46 will 
be called the' sharp vee join£ to distinguish it from the' standard 
vee\ The sharp vee joint is adaptable to field erection of pipe* 
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Figure 46. Sharp Vee Joint. 
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U GROO^ JOINT. The joint illustrated in t±%\ixi^l is recommended 
where %iore uniform welds and higher quality welds are required than 
could be obtained with the vee groove joints* Penetration is uniform 
with this design and weld "sink in" -in vertical position is minimized* 
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Figure 47. U Groove Joint. 
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COHSUMABLE INSERT JOINTS. Consumable ^jLriserts available 
an4 i^ili produce the highest weld quality and {he strongest inside 
weld reinforcement. Figure- 48 illustrates the 'consumable* insert ' 
joint design as 'well as the insert. *The joint preparation requires 
close joint tolerances, and .fitting the insert into the joint is - 
time consuming;, but since the composition of the insert may be selected 
to vary the comp6sttion of the Weld,/ the weld res^ilts may be superior. 




r 



Figure 48, Consumable Insert Joints 
Wall Thiaknesaes Less 'Than 1/8 Inch. 



ROLLED EDGE JOINT. Another- method of obtaining inside weld 
reinforcement is th^ rolled edg^ joint. The lefthand section of 
figure 49 shows the first stage in preparing this joint; the rightharid 
section of the same figure shows the finished joint. .The rolled 
edge joint is recommended for killeti steels or stainless steals. 
It is -Ifess-Xfis^ly than the consumable insert joint, and the fit- 
up conditions are less critical. 
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'Figure 49. Rolled Edge Joint Preparation. 



BUTT JOINT SPiJCIFICATIONS. Butt w^lds ^ould have one pass 
for each 1/8 inch of pipe wall thickness, with a minimum of two 
passes. Butt welds will be. flush with the inside of the pipe. JLn 
cases where grinding is not possible, the following even underhang 
dimensions are allowed. 
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Pipe Size 

up to 2 Inches 

2-1/2 Inch 'and over 
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Maximum I^otruslon 
1/32 Inch ■ 
1/16' Inch 



WELDING TEqHNIQUES 



Starting the Arc 



Whenever possible, the arc should be started by a high frequency 
arc starter attachment. The high frequency current shall be suf-, 
flclent to start the arc without touching the electrode to the workplece, 

* 

Use the foot control rheostat to adjust arc to the approxi- 
mate desired heat. - . ^ 

Move the arc to the joint edges and travel steadily along (forel^and); 
holding the ,electjcode as near vertical, to the joint as possible. ^ 
■ 

Filler rod should be added at the forward edge of the pool. 

If your welding speed Is too slow, you will have excessive 
penetration Inside the pipe. ,The weld puddle will then have a roufided 
opening at the front of the puddle which will be wider than the 
joint opening (keyhole shape) . Remember that a keyhole shaped puddle 
for a spaced joint shows excessive penetration, since too much of 
the edges are being melted back. . / 




Figure SO. Cox^ot Puddle SHape ' for 
. Standard Vee With Joint Spacing. 

To overcome excessive penetration, add more filler rod to the 
puddle, slant the torch sharply, toward the filler rod so more rod 
Is melted,* and Increase your welding speed. The effect will ba 
to put more heat Into ^the filler rod 'and less Into the pipe Itself. 
This will close the enlarged opening at the front of the puddle, 
figure 50. . 
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Breaking the Arc 



ie preferred -method for breaking the arc shall be to extinguish - 
the arc by ^se of a f oot-oper'ated current control to decrease the 
welding current gradually until the arc will travel without fusing . ^ 
the baset^etal, If^the foot-operated current control is not available, 
the rate of travel shall be Increased to a speed at which the arc 
will travel without fusing the base metal, and the arc can then 
be broken, 

•Purging • * ' • ^ 

r Pipe shall be purged before welding is start;ed, and, purging* 
shall be maintained throughout the entire welding operation. When 
conditions .permit, .the purging gas Should be introduced at the lowest 
point in the pipe or system and vented out at the high points. Oxidation 
of weld deposits and/or base metal is not permitted. 

When you, add the filler rod, the rod should be almost tangent 
to the pipe surface and the heli-arc torch should be slanted about 
15 to 20 degrees toward the rod with an arc length of about 1/16 
inch, figure 51, 




Figure 51. I Relative Position of Torch 
" and' Filler Rod to Pipe. 



When the puddle increases to about 178 'inch thick, remove the 
rod and hold the torch stationary. The weld puddle will noy begin 
to flatten out in front, forming a thin front edge and will take 
a wedge shape, with rounded comers extending to the bottom- of the 
joint. This wedge shape means that penetration ^is complete. Figure 
52 illustrates the correct** puddle shape for complete penetration 
on this joints ' u * 
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Figuv^ S2. ^orreat Puddle Shape for 
'^&rp Vee Joint, 



As soon" as l>enetration is complete, as shown by -the puddle ' 
shape, add filler rod and advance the heli-arc torch simultaneously. 
Keep advancing the correct puddle shape to complete the pass. When 
you have mastered the technique, you wilX be abl^ ta- keep the height 
of ,the puddle even and about 1/8 inch thick C^epending on the pipe 
siz^e)^ - :.- •■ • 

Note: Manipulation of the torch is^not necessary to obtain 
the proper width of weld in light gage metals. 

When terminating the weld, 'the foot control should be swung 
to the low position, the arc broken, and the shielding gas permitted 
to flow over Jrtie weld area until it has cooled to a black heat. 

In ordeI^ to avoid overlap when restarting a weld, the arc is 
struck ahead of the terminated weld (approximately 1/4 inch) and 
then moved back to the end of the weld so as to bring it to the 
molten state before adding rod. 

i 

Vertical Position Welding • 

Pipe welding in the vertical position is where welding is performed 
in the horizontal position and the pipe may not be rotated. 




Figure 53, Torch Position for Welding 
Pipe in the Vertical Position* 
75 
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Special techniques are required to compeinsate for the sagging 
of the puddle due to gravity. Position your torch as shown in figure 
53. The weld puddle is formed on the upper side of the joint and 
is kept slightly above the centerline of the joint. Move the torch 
Ia small circles, from the t9p of the puddle around the puddlfe to , 
the bottom and then up the other side to the top. • Do not let the 
arc dwell too long on the bottom, but let it favor the top of the 
weld. This circular motion will ensure fusion of the bottom of 
the joint vith the filler rod, and yet will not undercut the upper 
side of the weld bead, 

Overhead Position Welding 

In the overhead weld position, the entire weld is accomplished 
with the material at or above the welder's eye level. After tack 
welding, the pipe is set up so that the centerjine is horizontal 
or atjpLr9»imately so. The pipe must not be moved in any direction. 



r 
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% 






XiSTART 




""■•^ — ^iSTOP 


figure S4. Welding Sequence for Pipe, 
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After the joint has been properly tacked and placed in position 

for welding, figure 54, strike an arc on th^ side of the joint and 

carry it to the bottom of the joint* Let the *arc dwell on the bottom' 

of the joint until a small weld puddle forms on each side of the 

vee. Then add' filler rod to the front of the weld puddle until 

the puddle bridges the joint opening, (Do not put the filler rod 

directly into the arc.) 
« 

QUESTIONS . 

J * 1. What type of iner,t gas is most commonly used? 

2. What is the minimum number of weld passes on a stainless 
steel pipe weld? 

3. What, are the reinf prcement requirei^ents on a stainless 
steel pipe weld? 

4. What are th^ f ive joint designs that have been developed? 
REFERENCES 

34W4/f-5, Welding Theory and Application . 
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Metal and NDI. Branch 3A2R 5j2jU'4^ sbKL10 ) 

Chanute AFB Illinois . \/ 

INERT GAS SHIELDED ARC WELDING OF ALUMINUM PIPE JOINTS ^ 
OBJECTIVES 

After completing this stj^y guijie, you will apply the fundamental 
principles .and techniques involved in machine set-up, current settings, 
gas adjustment, filler rod selection, and welding aluminum pipe 
±n the fijced vertical, ' horizontal, and overhead \positions for the 
butt, angle, and tee joints, 

INTRODUCTION * • . -\ 

Although the basic procedures involved in welding alximinum 
and alunimum alloy pipe and tubing are the same as for welding other 
types of pipe^ the machine set-up and filler rod differ considerably,. 
A weld placed on aluminum alloy pipe using the, settings and procedures 
for stainless steel would cause the joint to fail immediately. For 
this reason, extreme care must be taken to ensure you are using 
the 'Correct settings, procedures, and filler rod for each pipe joint 
regardless of the material J.nvolved, 

INFORMATION . , ^ 

Pure aluminum weighs approximately 1/3 that of steel. It is 
a very good conductor of* electricity, has a high resistance to corrosion, 
and is a good conductor of h^at. It is easily formed by rolling, 
drawing^ hammering, pressing, etc*, into any of the many shapes required. 
It has very good casting qualities by the die cast, peilmanent mold, 

* or sand casting method. In spite of these desirable properties, 
aluminum in its pure or nearly pure form has very low strength char- ' 
acteristics. This factor makes unalltjyed aluminum useless for structural 

.aircraft parts. 

Aluminum alloy can.be made as strong as loy csurbon steel. In 
fact, some fully heat-treated, cold worked, and artificially aged 
aluminum has the highest weight-strength ratio of aAv structural 
alloy known. Although the aluminum alloys, as 'such,\possess higher 
strength characteristics than the pure metal, most of the aluminum 
alloys havfe lower; corrosion resistance qualities than the pure aluminum. 
For this reason, most alloys possess a cjad or alclad coating of 
pure aluminum .or some more corrosion resistant alloy than * the base 
metal. On metal parts where this clad, coating is not present to 
protect "the base metal, other corrosion preventive treatment, such 
as painting, anodizing, etc., are used to induce high surface corrosion 
resistance. Heat treatment may increase or decrease the corrosion 
resistance of aluminum alloys. 
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TEMPER. DESIGNATIONS 

Temper designation for aluminum anci its alloys is an alphabetical- 
numerical cocie system used to properly desi^ate the physical or 
mechanical properties of the alloy. These designations differ for 
each .type of alloy according to trfe- heat treatment, forming, or 
other operations to which the alloy has been subjected. The temper 
designations- are divided into two main classes; those pertaining 
to alloys that are hardenable by jieat treatment and those that are 
not hardenable by heat treatment. The temper designations are the 
letter and' numerical code numbers. immediately following the numerical 



alloy designation 


• ^ 






Old 
Temper 
- Resignations 


New 


Temper Designations 


otrain liardenea 
Only 


Strain Hardened 
Then 
Partially Annealed 


Strain Hardened 
Then Stabilized 




Alloy 1100 k 3003 
(Formerly 2S & 35) 




0 


1/4 H 


-H 12 


-H 22 


^ \ 


1/2 H 


-H_14 


-H 24 


\ 

V 


3/4 H 


-H 16 


-H 26 




H 


-H 18 


-H 28 




Extra Hard 
(Not Standard) 


-H 19 

Alloy 3004, 5052 &' 
5056*-{Formerly 
4S, 52S knd 56S) 












1/4 H 






-H 32 


1V2 H 






-H 34 


3/4 H 


\ 


-H 36 


H 






-H 38 


Extra Hard • 
(Not Standard) 






-H 39 



♦These alloys may also be obtained in -HI and -H2 tempers but -H3 is not 

applicable to alloys 1100 and 3003. . ■ 

' ' ■ ■ ' k ' ' ' 



Table 4. Temper Conversion for Uonheat Treatable Aliminvm Alloys. 
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Nonheat Treatable Alloys v * _ 

The /ietter "F" designating "as fabricated" in the case of wrought 
alloys, indicates that no control has been exercised over the temper, - 
and the part is to be used in this condition. The.^'O" temper designation 
indicates the annealed condition of an aluminum alloy^ The^e two 
designations are applicable to either heat , treatable or to nonheat 
treatable alloys. Pridr to the introduction of the newer temper - 
designations for nonheat t;reatable wrought alloys, the only temper 
designations for these alloys oth« than "0" or *'F" were 1/4 H, 1/2 
H, 3/4 H and "H" denoting a strain hardened condition from 1/4 
hard through full hardness for any nonhqat treatable alloy. Table 4~ 
gives a breakdown of the new system as compared with the 'old one. 

Heat Treatable Alloys 

-r — 

The temper designations for heat treatable aluminum alloys 
consist of the letter "T" followed by a one* or two digit number. 
The "T" designation after the alloy designation denotes that a basic 
heat treatment has been performed for the purpose, of inducing increased 
hardness, tensile strength, etc. The one. or two-digit number following 
the "T" denotes supplementary Jl^rations and/or the degree of increased 
hardness, tensile strength, etc., gained by the combination of strength 
producing operatfions* These operations may include solution heat 
treatment, natural or artificial ag^ng, cold working, stabilization 
treatment, or any other operation that may induce the desired or 
required properties in the various alloys. 

Interpretation of Individual Temper Designations • ' ' 

In addition to understanding the meaning of the basic piteblems 
involved by the "T" designation on aluminum alloy, the mAh in "a shop 
should also know what the individual numerical designations following 
the "T" mean, as shown in table 5* 

1. -W designation on alloy indicates that the part has been 
given the required soak at the solution temperature and quenched, 
but has not been aged either naturally or artificially. 2024 alj.cty 
ages naturally at room temperature and must be kept under refrigeration, 
or within 24 hours, 90% of the age hardening will take place and 

the "W" temper will then be present. With alloy 7075, artificial 
precipitation is necessary to age harden the alloy, which will remain 
.in the condition for several weeks b^cau^ it takes up to two 
months for 7075 alloy to naturally age harder^ 

2. -F and -0 temper designates the "as fabricated" and annealed 
conditions respectively. 

3. . -T2 temper applies only to cast products annealed to increase 
ductility. ^/-^/^ 
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Temper Designation 

"S" means a wrought alloy when this 
letter follows the old alloy designation 
as opposed to the cast condition. No 
particular temper is indicated unless 
followed by one of the designations 
below. 

-W r w 

-T2--:^. 

-T3 - 

-T4— 

-T5 - 

-T6 

-T?..^ 

^8 

-T9 

-TIO 



Meaning of Temper Designation 



6 

-Solution heat-treated, but not aged 

-Annealed (applicable to casting ^j^l^ 

-Solution heat-treated, cold worked. 

Solution heat-treated, naturallyrabg^ 

'Artificially aged only. 

Solution heat-treated and artificial- 
ly aged. 

> Solution heat-treated and stabilized. 

' Solution heat-treated, cold worked, 
artificially aged. 

Solution heat-treated, artifically 
aged, cold worked. 

• Artifdcally aged and cold worked* 



Explanation oy<^^empev Designations. 

-T3 temj^^er applies to part^ which have been solution heat 
treated and then cold worked. T3 alone applies to sheet stock in 
which the slight effect of cold working after the hardening quench, * 
such as flattening during manufacture, is recognized. Additional 
cold working is designated by a second digit after the 3, such as 
T31, T3^ T36, etc. The ^'Ta^g^ the second digit, the greater will-, 
be the ambunt of cold workingaVijd final hardness. This final hardness 
is indudM by stretching. \ 

5. "T4 temper denotes parts which have beep, solution heat 
treated and naturally aged. It applies when a part Is not cold 
worked after heat treatment and is the true temper induced by a shop 
heat treatment on a newly fabricated aircraft part. 

-T5 temper designation applies' to products that ate artificially 
aged without prior solution heat treatment. It is not normally 
used with regular sheet stock,! but is visually applicable to casting 
alloys and large extrusions. 
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7. -T6 temper Indicates- products which ar^ solution heat 
treated and artificially aged with no cold working afc^r the solution' 
treatment. This temper is well known in alloys 7075, i6(>61, and 
2014. . . 

8. -T7 temper indicates solution heat treated, and stabilized 
mainly for the purpose -of reducing stress afte.r solution heat treatment. 
It is usually applicable to cast alloys -and not to the wrought alloys 

in common use. ^ 

9. -T8^ temper' designates a part that is\olution heat treated, 
cold worked, and artificially aged. It is quite widely used to 
designate the strongest tempers available pn plain 2024 and 2024 
clad aluminum alloys and other wrought alloys. This temper number 
is_found as the first digit indicating the above processes; the 
second digit used in conjunction with tile 8, indicates the amount 
cold working due to stretching (elongation) that the part or sheet 
has been subjected to ranging frgm T81 through T86. 

10. -T9 temper applies mainly to cast products that have been 
solution heat treated, artificially aged, and then cold worked. ^ 
This temper is not usually found on wrought alloy products.* 



11. T-10 temper is also one ojE the less known temper designations 
because it pertains to cast material^Hbat have been artificially 
aged and cold worked. 
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TIG WELDING PROCESS 

. Tungsten inert-gas process is preferred for welding aluminum 
section^ which are less than 1/8 inch in thickness. Welding jigs 
are sometimes necessary and §hoiild be used in welding thin gage 
material to prevent warpage. TK may also be used to weld heavier 
sections but the metal inert-g^ process is \isually chosen, for its 
higher welding speed and needed voltage. In the TIG process, the 
arc is established between a nonconsumable- tungsten electrode and 
the parts to be welded, with a shield of inert-gas enveloping the 
arc and weld pool. ITie arc melts the base metal and ^a bare filler 
rod of suitable alloy is manually added to the molten pool. ^Welding 
can be dene rapidly from all positions. Flux is not required in , ^ 
TIG t.?£iding because the action of the ^arc breaks up the oxide film 
and allows a good weld metal flow. A "shield of inert-gas surrounds 
the electrode and the weld pool to prevent oxidation during welding. 
TIQ welding is .faster than gas welding due to the heat of the tungsten ^ 
arc concentrated in a small area. Distortion in TIG welds are less 
than for gas welds. ^ 

Power Source. ^ 

> 

For any welding process, heat must be supplied to the base 
metal and the filler metal (if used) to fuse the component parts. j- ,» 

The source of heat in the TIG process is the electric arc maintained r 
between the' electrode and the work piece. 
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ELECTRONS ^ |^,(QNS 




WORK POSITIVE ' 
STRAIGHT POLARITY 
QG. 



Figure S5, Machine 
and Reverse 



ELECTRONS 




WORK NEGATIVE 
REVERSE POLARITY 
D.a^ 

\e0tion8 for DC Straight 
clarity Welding. 



Alternating current is reosommended for TIG welding of -alumi** 
num. For some welding applic/tions, direct current, DCSP is used 
successfully. To "tet^^erli^icjer stand why alternating current is Recommended 
for TIG welding applications, DCSP and DCRP are to be considered 
first. Machine connections for direct current straight and reverse , 
polarity welding are shown in figure 55. In DCSP welding, the electrode 
is negative and the- work positive, so that the electrons go from 
the electrode to the plate. In DCRP, the electrons -flow from the 
plate to the electrode. In DCSP welding, there is considerable 
heating of the base plate, which is receiving electrons, while the 
electrode stays relatively cool. During DCRP welding,^ the opposite 
is true. As the electrode receives the heat from the electron transfer, 
it is overheated at quite low currents. This limits DCRP for TIG 
welding, sincff"^ere is likely to be tungsten burn-off and^ contamination 
of the weld. . "y^/" ^ vj^^it< 

WORK (AND OPPOSITELY THE EL^l^^pP'^ 
ALTERNATELY POSIT! VE^AND NEG^WvM 



ELECTRONS 
DURING. THE 

REVERSE 
POLARITY 
HALF CYCLf 



ELECTRONS 
DURIN6 THE 
STRAIGHT 
POLARITY 





HALF CYCLES 



Figure 56, . Electron Flou in AC Welding,^ 

Alternating current is widely ^,used for it offers both the advantages 
of DCSP and DCRP welding. Theoretically, AC welding can be called 
a combination of DCSP and DCRP welding, as illustrated in figure 
56. 
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-♦TIME 
(A) 



•DIRECT CUIIlRENT 
/ REVERSfe 
POLARITY 



-^TIME/' ^ 

DIRECT . 
CURRENT 
STRAIGHT 
POLARITY 




■^TIME . 
(C) 

ONE COMPLETE 
CYCLE OF A-C 



Figure S?, Curreni Flaw in AC Welding, 

^ In Ac welding, when- the current passes through zero, figure ^ 
51 y the arc i-s, broken, to restart the arc, high voltage, high frequency 
(120,000 cycles) low power • add iti'onal current i^ superimposed on. ^ ' 
the wielding current. Low frequency AC Is dif^cult; to start and 
maintain the arc. In using high frequency, a path is established 
for the current to follow when the arc* is struck at zero current. 
After the arc is started and stabilized, the^high frequency 'is automatically 
cut off. . " ^ . ^ . t . 

Welding E'quipment 

In addition to the AC power source, the required equipment 
is as follows : ' 

\ 1. TIG welding torch. < ^ - ^ * ^ 

^ '2. Inert-gas. supply, 'regulatpr-flowmeter, hose, and 'fittings • ^ 

^. Filler metal, .... . ' 

4. Water supply and fittings. 

^ 5. Helmet or eye shielding, and protective clothing. 



.6. Welding jigs or bacMip plates. * - 

For currents ^bve 'fbo ^pers , cooling the torch and power 
cable with water is necessary because^ of heat- generated by the arc 
and the cutrent passing thrpi(gh 'the cab 3^. For weldir^g currenta^ . 
'below 100 ampers^ air-doole<r torches are satisfactory. , 

Water used to Cool the welding ''giin should ^be clean to prevent 
clogging or flow restriction. Overheating can inelt the silver brazed 
metal 'joints in t-he- gun^nd. the piastic water tube which sjieaths 
, the ej:ectric cable,- A control mechanism -is available which 'doe's 
not allow' the welding current to start unless the. water is flowing. 
Some TIG welding equipment is provided with .solenoid valves and ♦ 
valve timing controls to Control the, .flow of water ^nd gas during 
welding. ,Wheq the* welding^ is stopped, theVimer allows*^ the* water 
and gas to flow for a sufficient length ^ of 'jd^lme to allow the tungsten 
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electrode to cool, thus preventing contamination when it is exposed 
to air. Jjfl^ tijngsten>Tnust cool bright ^d shiny; Any bluing or 
blackening of the -tungsten .indicates a^l^ck of gas coverage. 

TheoTIG welding torch carries the welding current and ^directs 
the inert gas to the weld^area* ' The torch must be properly insulated 
for the maximim current ranges to ensure operational" safety . Current; 
is transmit tedfrom the^AC transformer through the ppwer jcable to 
a collet holding th$ tungsten electrode. Gas ports surrounding the 
' electrode pem^t the inert gas to enter the nozzle or cup which 
is directed upon the surface to *be welded • 

The electrode should extend beyond the end of the gas shielding 
- cup a distance equal 'to^ its diameter for butt welding and slightly 
further (1/8 to 3/16 inch)' for fillet welding. Selecting the right 
size electrtfde for each job is important in preventing electrode 
damage (pure tungsten melts at 6125®F) and causing- poor weldd by 
too high or too low a. current. Excessive current will cause tungsten 

rticles to transfer to the weld while insufficient current attows^ 
•the aic to wapder erratically over the en4 of the electrode. Recommended 
electrode sizes for various ranges of welding current are shown 
in table 6'. mk. ^ 



Electrode 


Gas Cup 


Welding^ Current (Amperes) 


E|ia In. v 




AC 


DCSP 


DCRP 


. 040 


6 


.10-40 


10-40 




1/16 


6 


J - 20-60 


20-75 


10-20 


3/32 


6-7-8 


30-100 


30-100 


li-20 


1/8 


.6-7-8 


150 


100-150 


- 25-40 


3/16 


7-8 


200 


125-200 


40-,80 



Table 6. Selection of Electrode Diameter^ Gob Cup and Current Setting. 

\ ' • ' V • 1^ 

Filler Material • 

Additional filler metal is not nec^sary in TIG weldtfig when, 
enough parent metal\is provided by tee^Joint design to form the 
weld bead. For other wel4s it is orten necessary to add filler 
metal> Filler metal in the form pf straight length, bare rod, is 
u^ed for manual welding; While filler metal in wire form, spool 
wound, is used in both manual or automatic .welding. The filler 
rod or wire should always bf placed within the inert-gas shield *^ 



and at the leading edge of 'the weld, pool. Too large a rod or wire ■ 
disturbs and ofte^ freezes the po'olj while a rod too small in size * 
forces the welder to feed too fast for steady hand operation. Care* 
must be taken, to see that a compatible filler metai is used in welding 
different alloys or longiti^dinal cracking may .result. Dirty rods 
will, contaminate' the weld and every effort,' should be made to use 
only clean rods. » ^ 

Metal Preparation ' , . " 

, Cleaning the surfaces to be welded is of major importance ^in 
aa.1 aluminum joining regardless of the welding process. Oxide grease 
or oil film remaining on the edges to be 4£ined causes unsound w^ds. 
.Mild alkaline solutions and commercial degreasers that do not give 
off toxic fumes during welding are used successfully to remove surface* 
cpntamtnants before welding. All welding surfaces should be thoroughly 
dr^ after cleaning to prevent porosity in the weld metal. Oxide 
film should be' removed from the surface of the aluminum^by using 
aluminum wool or brushing with a clean stainless steel wire brush. 

WELDING SET-UP AND APPLICATION 

1. Place the pieces of metal in a jig and butt edges to check 
for fit-up and alignment. Clamp the pieces for alignment and spacing. 

^ Good joint fft-up makes welding easier, , - ' 

2. Adjust the currenQ setting and argon flow for the thickness . 

of the metal being welded. L 

J- 

3. .Tack weld at about 1 to 1-1/2 inch intervals; the tacks . 
should be neat and small, 

4. Adjust the arc to- the desired length,, between 1/8 to 3/16 
inch. * ' * ' \ 

5. Hold the arc ajt; the starting point until the, metal liquifies 
and a molten pool is^ established. 

6. Add the filler rod manually to the front, edge of the molten 
pool, .melting a small amount and withdrawing the rod. ' ^ - 

7. ' Point the torch in the direction ^of travel with a 10 - 
20 degree , angle from the vertical position, 

*8. Keep the filler rod fairly flat to the work surface between 
15 - 30 degrees ffom horizontal posi;:ion. 




9. Advance steadl^ , along the line of weld, keeping a uitlform 
bead ^ith evenly spaced ripples. * - ^ . 

^ ' ■ ' / 

10. To terminate the wel'd, depress the foot control switch, • 
keeping the" torch directed on the" molten pool. Gas and water will 
diontinue^ to flow'for a few seconds, cooling the weld, preventing 
contamination of the metal and tungsten electrode. 
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VERTICAL FIXED POSITION, 

Because of the lack of color change in aluminum at the melting 
temperature, welding of aluminum pipe has been a rather difficult 
operation until the TIG welding process came into use. With the 
more precise heat control and smaller heat affected area,- welding 
of aluminum pipe In the fixed vertical position is a relatively 
simple operation 

For many years, aluminum pipe was generally jointed with threaded 
fittings. A trend toward welded joints gradually became evident. 
Today, weflded piping systems are specified in a wide variety of 
industrd^es. Initially, gas welded methods using oxhydrogen and ' 
oxyacetylene were 'used for welding ^aluminum pipe. These processes 
required the use of fluxed, whicfV, unless removed subsequent to ^ 
welding, were a -cctrrosion ^azard to the pipe in the presence of 
moisture. Welding other than in the flat position was very difficult. 
Both of. these factors imposed a severe limitation on the use of 
welded piping systems. 

Aluminum alloy pipe characteristics make them useful* materials 
of "^construction. M^y -of thes'e Vroperti^s are of value in piping 
systems, including^'resistance toVorrosion, strength, lightweight, 
protection of • purity and color of N:he product, and easfe of joining. 

There is a variety of aluminum alloys, but only thrfee are generally 
produced in pipe form. The first is alloy 3003-H112 which is a nonheat 
treatable alloy containing manganese. It provides adequate strength 
for rn^ny* applications together with high- i?esistance to corrosion. 
Alloy 6063-T6, a heat treated aluminum magnesium -silicide type alloy, 
provides higher strength and equivalent resistant to corrosion. 
Alloy 6061-T6 is similar to 6063-T6 but has higher strength. In 
most* environments its resistance to corrosion is equivalent to that 
of th6 other two alloys. Other pipe alloys .such as 5052, 5154,^ 
5083, 5454, and 5456 have excellent strength and ductilify. - ». 

* WELDING PROCESSES 

* ' . f ' 

AC High Frequency - Ar-gon Gas ' . • 

A gas tuqgsten arc method commonly used for aluminum pipe u&e^ 
AC with superimposed high frequency, pure or 2% tungsten' electrodes, 
and argon gas. - 

DC Straight Polarity ^ ^ 

A^ second method uses DC straight polarity current, pure tungsten 
electrode, and helium gas. 

■ • ■ ■ ■ .•■ ( ■ ■ 





1/16" +0"-1/32' 



VERTICAL PIPE AXIS 



Hgure S$. Weldment With No Root Opening - 
Vertiaal AttitnMe. 
( " \ 





VERTICAL PJPE AXIS 



FigurQ. 59. Weldment With Root Opening - 
Vertical Attitude.' 

% WELDING PIPE BUn JOINTS IN VERTICAL FIXED POSITION'^ 

Edge preparation of all butt joints must be melted through their 
full, thickness to obtain a complete penetration weld.. This can be 
facilitated by a combination of proper edge preparation as shown in 
figures 58 amd 59. Figure 60 shows the finished joint. 



(f 



Figure 60, Finished Vertical Butt Joint, 



AA Alloy V 
Designation 


AWS-ASTM Filler Metal 
CUssiiication 


1060 i 


£R 1060 


HOC 


£R 1100 


5050 


ER 5050, 


5086 




5456 




5052 


ER 5052 


5154 


ER 5154 


1^5254 


ER 5254 


" ^6063 




6061 




6061 




7072 




6062 




3003 . 




3003 




7072 




3004 


ER 3004 


5356 


ER 5356 . 


5556 


Sr 5556 


4043 


ER 4043 


5083 




5183 


ER 5183 


5454 




' 5554 


E9 5554 


5652 


ER 5652 




1 



Table 7. Filler Metal" Claaaifiaation. 
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Filler Rod Selections 

Filler metal selection can be made from figure 61. 
Welding Technique 

The successful welding of any joint requires proper edge preparation, 
cleanliness, and good fit^ in addition to the actual depositipn of • 
th^weld metal» Tungsten contaminated with molten aluminum must not 
be used. First, clesta the prepared edges to remove all traces of 
combustible material and then assemble the joint. When the joint 
has been properly aligned, tack Weld at three or more locations. The 
tack welji should be fully penetrated and rather flat; that is^' not 
built upland should not exceed one inch in length. Three such welds 
placed equidistantly around the joint will usually maintain alignment. 
When applying a weld with the pipe in the vertical positit>n, "^11 passes 
should be applied as stringer passes. 

* *' . » 
When welding pipe, it is most satisfactory to point the electrode 
toward the center or ^xis of the pipe. This is more satisfactory ^ 
^ than' trying to modify? the angle of the electrode along the length 
of the weld. The arc should be maintained at a controllable length, 
usually about 1/4 inch or just long enough to prevent contamination 
of the electrode when! the welding rod is added. Short arcs do not 
contribute to ease of application or improvement of weld soundness 
or appearance. The inert gas should be adjusted to flow at a rate 
which will provide good cleaning; when operating on the bottom section 
of a joint in the horizontal fixed position, the gas flow must be 
increased in order to obtain freed'om from porosity. 




Figure 61. Orientation of Weld Joint. 
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OVERHEAD FIXED POSITION 



Using a little common sense and a whole lot of practice, the 
welding of aluminum alloy pipe joints in the fixed horizontal and 
overhead positions become no more difficult than welding in any other 
position. The key to ^11 welding processes and positions can be summed 
up in one word - PRACTICE. 

The orientation of weld joints with respect to horizontal and 
vertical planes of reference shall be in accordance with figur^ 61. 
Weldinfe shall be accomplished without pipe rotation, so that weld 
metal is deposited from the overhead, vertical, flat, and horizontal 
fixed positions. 

Welding shall be started at the bottom of the joint and progress 
upward to the top of the joint; under no conditions shall welding 
be perfonned in the reverse order. The horizontal reference plane 
is taken to lie always below the weld under consideration. Inclination 
of axis is measured from the horizontal reference plane toward the 
vertical. ^ 

Joint Preparation • *^ 




u-l/16" '*'0"-l/32" 






HORIZONTAL PIPE AXIS 



ERIC 



Figure 62. Joint PreparatioTi Requirements. 
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HORIZONTAL POSITION. WELDING , / 

Joint Preparation . 

Welding edges of aluminijin and nonferrous metalsl with a wall 
thickness of 3/4 inch or less shall/ be, beveled at a i^QjfH^, -0) degree 
^gle, leaving a 1/16 (+0 - l/32)yanch root face land'ac the boccom 
of the welding edge, figure 62.-^ 

Joints which require a root opening shall have a separation between 
lands or welding edges of 3/32 (+1/32) inch for the full length of 
the joint. 

Joints which require na root opening shall have the lands or 
welding edges butted together so that the lands ate touching and the 
bevele4 edges form a groove. There shall be no clearance between 
lands • 

Weld Specification 

WIDTE^ Butt welds shall have a finished bead width approximately 
1/16 inch on each side of the- bevel. Under no conditions are wide 
welds to be useJ^toT cover poor fit-up, 

BEINF0RCEl4EtlT . Reinforcement of butt welds shall be not ;Less 
than 1/16 inch, nor more than '3/32 inch' above the surface of the base 
material. Reinforcement shall be built up uniformly from the' surface 
of the base material to a maximum at the center of the weld, 'and shall 
blend smoothly and gradually with the base material. Finished weld 
contours shall be uniform and free from depressJ^ons below the surface 
of the base material, - , 

PENETRATION. Butt welds sh^ll be flush with the inside of the 
pipe. In cases where grinding is not possible, the following even 
underhang dimensions are allowed: 

Pipe Size Maximum Protrusion' ' 

* 

Up to 2 inches ^ 1/32 inch 

2-1/2 inch antl over 1/16 inch 

QUESTIONS • " ^ ' . f 

1. Into-what two classes -are the temper designations divided? 

2. What cutrent is .use4 to weld aluminum? 

3, What are the three' aluminum alloys generally used in the 
manufacture >of pipe? 

4, What direction of travel will you use when welding pipe 
in the overhead position? 
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5. How far will the weld bead overlap the bevel on an, aliiminua 
pipe weld? , 

REFEREKCES 

TO 3AWA-1-5, Welding Theory and Application ♦ 



\ 



94 



173 



